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ABSTRACT 

Three experiments were deSigned to evaluate the effect 
of feeding low doses of canola-based protected lipid feed 
Supplement (PLFS or "Protec") to lactating dairy cows on 
milk and butter quality. The first experiment included the 
Getermination of a threshold level of "Protec" 
Supplementation at which minimum changes in milk and butter 
Quality were noted when 0, 3, 6, and 9% "Protec" were fed to 
lactating Holstein cows. In the second experiment, 
Susceptibility of "Protec" to oxidation was evaluated and 
the quality of milk and butter was examined when highly 
oxidized "Protec" was fed at the 6% level of incorporation. 
The third experiment entailed the assessment of milk and 
butter produced from commercial dairy herds which had been 
rear"Protec!’: forcat teastathree: years. 

The inclusion of commercially available "Protec" had no 
adverse effects on feed intake, milk yield, milk and butter 
composition and their quality. A possible threshold level of 
"Protec" supplementation appeared to be about 6% of grain 
portion of the daily ration. At this level improved 
spreadability of butter was noticeable in sensory, chemical 
and physical tests, possibly due to increased 
polyunsaturated fatty acid content; this could be a 
conceivable advantage over standard commercial butters. No 
wicreasel in Suscept ibid by offs milks tonoxi dation ocaurnred 
with “Protec"-supplemented diets, however, there was a 


slight decrease in the proneness of these milks to 
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nyovOlvytic wancidiiy, based on ‘the ADV’S. The “Protec” 
became oxidized during storage at a high temperature (40°C), 
as Setermined by a Substantial increase in its peroxide 
value. Feeding the oxidized "Protec" produced no 
Gfisitaveurs Or oxidative instability of. miik and butters 
obtained. However, the oxidized supplement appeared to 
negate the positive effects of fresh "Protec", such as 
increased polyunsaturation and decreased hardness of butter. 

The effects of long-term usage of “Protec”. in the diets 
of lactating Holstein cows in commercial farm situations 
were not as pronounced as noted in experimental trials. Milk 
fat content was not higher than that obtained without 
feeding PLFS. Also, there were no significant differences in 
unsaturation, hardness, and oiling off between butters made | 
from milks produced with and without feeding "Protec". Herd 
management techniques, stage of lactation of cows, or feed 
intake patterns may have been possible factors contributing 
to these less pronounced trends. 

It can be concluded that the feeding of canola-based 
protected lipid at low doses (5-10% of grain portion) should 
have no detrimental effects on milk and butter quality. 
However, the improved spreadability of butters produced 
could be an attractive property for the consumer. Thus, it 
can be recommended that the current practice of feeding low 
levels of PLFS as a high energy supplement be continued by 


those farmers who find it to be economically advantageous. 
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1. INTRODUCTION 


1.1 Farming aspects related to milk production 

Several factors such as lactation, inheritance, season, 
environment temperature and feeds are known to have an 
effect on milk yield and composition (Johnson, 1980). Of 
these, the feeding regime is the most easily manipulated in 
order to provide optimum realization of the dairy cow's 
potential. Well-fed cows (before calving) have been known to 
produce milk of higher fat content and decreased solids 
nNoneiat’l dur inge ther farsty three) monthsrofy dactations compared 
to cows which were poorly fed (Johnson, 1980). Over-feeding, 
on the other hand, causes an increase in the solids-non-fat. 
Generally, the fat moiety of the milk 1S more responsive to 
changes in the diet of the ruminant than is lactose and 
protein. 

The present milk pricing system operates such that the 
farmer is paid according to the milk fat yield. This 
provides a constant incentive for farmers to improve feeding 
techniques in order to achieve greater milk fat contents. 
Usually, any decrease in milk fat is associated with 
increasing concentrate:roughage ratio (Hutton, 1974). Thus, 
the amount of concentrate offered cannot be increased too 
much Without <sacriifa cing? ithe mi lkieati content <The) need for 
energy-efficient diets was established as a requirement for 


increasing monetary returns to the farmers via increased 
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production. 


tc2 Use Of oPLES anv Abberta 

The commercial production of protected lipid feed 
Supplements (PLFS) has been established in the USA, Canada, 
Australia and New Zealand (Storry and Brumby, 1979). In 
Alberta, over 350 herds are being fed this supplement (Parr, 
igsge, Promecred tallow, wsinarsoybean as the source of 
protein, was used in early commercial trials, however, in 
recent years the abundant canola-seed has been utilized in 
formulating the currently available product, "Protec”, 
manufactured in Alberta by Barrhead Alfalfa and Protec 
Products Ltd., Barrhead, Alberta. The suggested level of 
Supplementation of "Protec" has been limited to low doses 
(S10, Of Grain portion) “.Inereases vin? fet “and 
polyunsaturated fatty acids of resulting milks have been 
observed with such levels locally (Grieve, 1980; Wong 
et al., 1982), and elsewhere. However, concern has been 
expressed about the susceptibility of this polyunsaturated 
mrikfiat ta oxidation (Haase, 1977: Goering et 4@/]., 1976):. 
The economic returns for the farmer have to be weighed 
against any possible losses by the processor due to 
potential defects in milk and milk products obtained. The 
main purpose of this study was, therefore, to establish 
whether the canola-based "Protec", currently used in diets 


of lactating dairy cows, could cause any detrimental effects 
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2. LITERATURE REVIEW 


2.1 Effects of feeding practices on milk production of 


lactating dairy cows 


2.1.1 Energy considerations 

Net energy of lactation used for maintenance, pregnancy 
and milk production in lactating dairy cows has been found 
to, be hidqher then for dry, non-pregnant cows (Hutton, 1974). 
It has been found that the energy supplied in the diet is 
the limiting component of most dairy rations (Ensminger and 
Olentine, 1978). Because of the low concentration of energy 
in a given volume of feed, the ruminant is often physically 
full before sufficient energy has been consumed in order to 
permit maximum realization of the animal's potential (Bines, 
et a].1978). This effect is even more pronounced during the 
post-calving period when poor appetite unfortunately 
coincides with increased milk yield, the latter due to 
favourable hormone balance and peak functioning of milk 
synthesizing apparatus (Storry and Brumby, 1979). 
Subsequently, in an effort to meet this deficiency (negative 
energy balance), energy is mobilized from body reserves; 
however, this is not usually sufficient in the high 
progcucing cow. Since it 1s Jiairly, cbvious that. energy plays 
an important role in maximizing the dairy cow's performance, 


several sources of energy were investigated (Bines eft al., 
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Results of such studies indicated that if the 
carbohydrate moiety in the diet was increased (via increased 
concentrate), the pattern of fermentation in the rumen would 
be changed so that absorbed energy would be used for weight 
gain rather than for milk synthesis (Bines, et a]. 1978; 
Brown, 1969).eAlso,! the: increased intake would, not be 
accompanied by a proportionate increase in milk output, 
which inevitably had a depressed fat content. Researchers 
then turned to fat, as this dietary ingredient has a high 
calorific value in addition to being able to heighten the 
efficiency of energy use for milk production (Storry, 1981). 
However, it was soon found that digestibility was depressed 
when free fat was added to dairy rations. This was 
attributed to the decrease in fibre digestion resulting from 
reduced activity of cellulolytic organisms in the rumen 
(Bines,, efiak.nel97 Si.ed ni wddai tioni ito ithis «changes occurred 
in the amount of methane and volatile fatty acids produced 
in the rumen which tended to lower the proportion of acetate 
and butyrate present (Storry,1981). Based on experimental 
Studies, it was suggested that 16% of the total energy 
available to the dairy cow should be in the form of fatty 
acids in order for optimum efficiency of energy utilization 


to occur (Kronfeld, 1976; Brumby et a/., 1978). 
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Zin 2 chat upiliva tion 

Digestion and absorption of fats in ruminants have been 
extensively reviewed (Blaxter, 1962; Armstrong and Ross, 
1968; Rook and Thomas, 1969; Patton and Jensen, 1976: 
Christve,) 1979; -Palmquist and Jenkins, '1980;: \Storry, 1981). 
The ruminant digestive tract has three distinct sites of 
digestion, namely, (a) the reticulo-rumen (rumen) in which 
food is degraded by microbes, (b) the abomasum and small 
intestines where digestion is accomplished by enzymes 
present, and (3), the large intestines (especially the 
caecum) where a more limited microbial action takes place. 
It has been eStablished that micro-organisms capable of 
attacking cellulose, hemi-cellulose, starch, Sugar, acid 
products of carbohydrate digestion, protein, and lipids are 
present in the rumen, which acts like a large fermentation 
tank. In general, digesta entering the small intestines 
contain long chain free fatty acids which are modified by 
hydrogenation, and to a small extent converted from the cis 
eocine transform: along uwithemperopral Iipids te rog. 2). 1). 
Bile juices containing phospholipids combine with these 
products forming stable micelles which are then taken to the 
microvilli of the small intestines for absorption. 
Monoglycerides and free fatty acids are absorbed and 
reformed into triglycerides in the epithelium of the 
intestine: A fairly bigh proportion mor stearic lacid 
(resulting from hydrogenation of unsaturated fatty acids) 


enters the duodenum and is subsequently absorbed. The main 


~ d 
a 
I 
es od 
fi 
: ' 
¥ -Onm Of 
: ® 
cave 
) , TL 
- 
‘ 
\ 
ao 4 
é 2 
% 
re! 
r i 
; o- 4 
6 


& 
, ? 
1 
‘ 
ms 
“a } 
! ] j 
4 
A 
‘ 
mu 
T 
4 * 
we 
‘4 ' 
} 
\ 
ty [ 
ary 
‘ 
iw 
a 
4 r e 
J wid 
iat 
r ‘ 
i ta 
' 


a ve ntatok vn af seit. vet 


yeahes eh iuad sire ‘1 nba siete ia a 


vi ne 
tig 197 ewenesas ; Poene wes te : 


are 1 hols \0att a 


yiamseni to soi 


ve Bale: i 


1 agent, wise for) mapenetya 


ou 
gra CER. aestongim, d hobs - , 


Het Lomein) ak. cd saepib. sedi 
; t . ri 
ons seowi i @orve cei 


% 


-" 


bdo mader. bad .gt bie 0 
PRED VER POA: whebicnzes | ) 
g.., geoln iio ann i a as 
SOR Lh. a 45 stg i 


if abe while eos ete 


- 


ae 


a ce A can ne 
T 21oate slogans «di 
f 


e 
, of ailele . 
im 9% rudy 4: Se ,0% vad an os 
- ite 
th iq | wigaade on! iuasibahe 


f oT fi nel iae yim aiid Landell eaoee: ae 


when phi 


ys 
je m0) yy 


i 
ii4..2b42% v3oe apes! a 


* : om , P Z : 
idhes sdaoth 2 ayia Po a , ay * mi bi 
ee pbdiett dt 


"x, 


pre he ; 


eee 
N ie —» 
\ 
i. te OMASUM 
pH 6-7 Me | | 
¥ \ 
LYPOLYSIS ; 

e As ~ 

ares \ 

° ani, \ 

HYDROGENATION / ABOMASUM 
ABOMASUM 
FERMENTATION Pe ie ‘ Diese 
ales wee: te 
VFA'S 
LIVER 
BILE SALTS 7 
bec 
HCO3~ od 

PANCREAS 


SMALL INTESTINE 


at ADIPOSE MAMMARY OTHER ORGANS 


TISSUE GLAND AND TISSUES 


Fig. 2.1 Fat metabolism in ruminant (Adapted from Scott & Cook, 1973) 
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Saibel of Qiong) chatiny fettys acid LCF) absorpt lon: Wer the 
intestine, where small amounts of fatty acids are absorbed 
from the upper jejunum (pH 2-4), and the remainder from the 
lower part of the jejunum (pH 7). Since bacterial lipids do 
not contain linoleic acid, any requirements for this acid 
must be supplied to the ruminant through dietary sources 
that manage to escape hydrogenation. Lipid digestion depends 
on dietary factors such as the ratio of concentrates to 
roughage, the amount and type of concentrates and the amount 


and typeltofediat thif@he diet (Storry, 1981). 


2.1.3 Biochemistry of milk fat synthesis 

Milk fat synthesis has been the subject of extensive 
investigations, warranted probably because the traditional 
milk pricing system is based on the fat content, or because 
the amount and type of fat (unlike milk protein and 
lactose), iS subject to changes in response to dietary 
alterations. The fat in cows' milk occurs almost entirely as 
triglycerides, the fatty acids being distributed such that 
one short-chain and two long-chain acids occur for each 
molecule of glycerol (Brown, 1969). Evidence accumulated so 
far hasie stab! ished that eshorit ce hat harny act ded Cina Om) 
are synthesized in the mammary gland from acetate and 
B-hydroxybutyrate, whereas the C,, fatty acids are derived 
from the C,,; acids of the blood plasma triglycerides 
contained in chylomicrons and low density lipoproteins 
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medium chain fatty acids may originate from either source as 

neIrCateads ine Fige 25.2. 

The biochemical pathways for milk fat synthesis as 
understood today can be summarized to include 

1. The malonyl pathway (in cytosol) which involves the 
Carboxylatiomor acetyl CoA to mahbonyl. CoA. This is 
thought to be thes rate-limiting step and is) followed by 
gondensation with acetyl CoA to form fatty acids 
containing up to 16 carbon atoms (Storry, 1972; Patton 
& Jensen, 1976). 

fi. Direct ancerporation of P-hydroxybutyrate, which maybe 
Subsequently elongated by the addition of acetyl CoA. 

tii, Encorponeation of acetate into short) and) intermediate 
chainmifattyuaciags by mitochondria. 

iv. Desaturation of stearic and palmitic acids to 
corresponding mono-unsaturated acids in microsomes of 
alveolar cell .(Storry, 1981). 

In order for the plasma triglyceride fatty acids 
to bensncorporated into milk fat, hydrolysis ‘by 
lipoprotein lipase has to occur first. The liberated 
fatty acids and those synthesized in the alveolar cell 
are then reesterified into triglycerides and finally 
embodied into the milk fat globule (Storry, 1981). 
Transfer of dietary fatty acids into milk fat has been 
noted to be inconsistent. However, since factors such 
as type of fatty ecid provided in the diet, milk fat 
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Fig. 2.2 Metabolites used in the synthesis of milk fatty acids 


(Adapted from Storry, 1981) 
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of lactation, and input of glucogenic nutrients 
influence sther%ttransfierjethe potential for variation 
can be appreciable (Jack and Smith 1956; Palmquist & 
Mateos? @oecrreSmich et ral.i9%8:eStosry, [498 1dceWith 
respect to the type of fatty acid provided in the diet, 
it 1S worth looking at the occurrence of low milk fat 
Syndrome, which has been reported to occur when large 
quantities of polyunsaturated oils are fed. It has been 
ascertained that this phenomenon is due to reduced 
avallability of acetate and decreased mobilization of 
adipose long chain fatty acid (LCFA) for milk synthesis 
(Palmquist and Jenkins, 1980). If the polyunsaturated 
fatty acids fed are in a protected form, the risk of 
low milk fat syndrome is lowered, while the cow will 


benefit from the increased energy supplied. 


2.2 Protected Lipid Feed Supplements 


2.2.1 What are Protected Lipid Feed Supplements 

Kosignificant breakthrough by T.W. Scott and co-workers 
took place in the early 1970's allowing large quantities of 
energy-efficient oils and fats to be consumed by ruminants 
without adverse effects on their metabolism. This was 
achieved by encapsulating the lipid in a protein envelope 
which is subsequently treated with formaldehyde. 


Essentially, the encapsulated fat escapes microbial attack 
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in the rumen, but becomes fully available for efficient 
digestion and absorption in the small intestines as 
PeMisteated an evo. sus (Seortper al..,) 19724 "Score and Cook, 
1O7S: (Storny- ane Brumby, 2979). Thesetleased fats are 
generally referred to as "protected lipids", and have been 
used world-wide in both experimental and farm conditions to 
increase the level of polyunsaturated fats in milk and meat 
(Plownan ef a/., 1972: Seott? 7975: Haase, 1S77- Rook, 1977; 
Storry and Brumby, 1979)e71n the majority of studies carried 
out, the level of incorporation of these protected lipids 
ranged between 20-30% of concentrate, and the consequences 
of such levels included (a) increased energy intake of cows, 
(b) increased milk fat secretion and (c) increase in 
unsaturation of the milk fat. This approach was prompted by 
the fact that the intake of polyunsaturated fat was being 
encouraged for consumers with a high risk for developing 
coronary heart disease (Haase, 1977; Johnson, 1974). 

The realization of the wide practical implication of 
protected lipid feed supplements in ruminant nutrition 
provided the necessary impetus for the commercial production 
of these Supplements. Since it was found that the particular 
fatty acid composition \of the protected lipid was reflected 
in the fatty acid composition of the milk and meat, several 
Oilseeds of varying levels of unsaturation were investigated 


(Barbano and Sherbon, 1980). 
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Fig. 2.3 Diagrammatic representation of the digestion of Protected Lipid 


Feed Supplements 
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fvece Manuracture of PERS 

in? they initial production of protected Lipid feed 
Supplements (PLFS), encapsulation was achieved by coating 
finely dispersed oil droplets with a formaldehyde treated 
protein (usually casein). Vegetable oils obtained from 
sunflower, safflower, linseed, cottonseed, peanut and 
coconut have been used in addition to tallow as sources of 
lipid material in various experimental trials. The spray 
dried supplement was uSually prepared by homogenizing a 
vegetable oil with a solution of sodium caseinate, and 
Preavingd Wath rormalin, praor ito-spraytdrving (Scott et al ., 
1971). Although the supplements prepared in this way were 
Satisfactory for experimental use, they proved too expensive 
bo, commerciras, application (Scott, 19759." scott and Cook 
(1973) therefore modified the procedure to include natural 
oilseeds which could supply both the oil and protein needed, 
hence reducing cost of production. As illustrated in Fig. 
2.4, a small amount of additional protein is mixed with the 
Oil in order to provide efficient emulsification and 
Subsequent protection of the polyunsaturated oil. The finely 
conminuted mixture is treated with sodium hydroxide which is 
needed to obtain an adequate solution of the seed proteins 
(Scott ef al. , 1972). The addition of formalin and 
polyvalent ions such as Fe’** or Ca’** cause protein-protein 
interactions. - thus trapping the oli. The final product may 
be in the form of spray dried particles or a gel which can 


then be ground. 
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KERNEL 


Homogenize with water, Homogenize with water, 


sodium caseinate, sodium sodium caseinate, and 
sodium hydroxide. 


Total solids - 40-45% 


hydroxide and lecithin. 
Total solids - 20% 


Add formalin (50% solution) 


to cause gelling 


Lae to remove residual 
husk 


Hammer Mil] 


Add formalin (12% solution). 
Spray dry 


Fig. 2.4 Flow sheet for preparation of oil-seed supplements 


(Adapted from Scott et. al., 1972) 
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The advantages and disadvantages of using the different 
oilseeds had to be evaluated when deciding on the 
appropriate supplement. For example, it was discovered that 
although safflower has the advantage of a higher oil content 
andwaghagher ipropontion obvi poe, itsstetghshusksemake 
emulsification difficult, hence sunflower seeds, which have 
Softer, more easily removed husks are preferred (Scott, 
1975; McDonald and Scott, 1977). Presently, sunflower seeds 
and soybeans are used in Australia, New Zealand, and the 
USA. Peanuts were tried, but because of the possibility of 
aflatoxin content, were rejected for this purpose. It has 
been suggested that canola seed would be potentially useful 
in Canada due to its availability and triglyceride 
composition (Haase, 1977; McDonald and Scott, 1977). 
Canola-based PLFS is now being produced on a commercial 


Scale as per the schematic diagram shown in Fig. 4.1. 


2.2.3 Protected Lipid Feed Supplement in the diet of dairy 
cows 

The level of supplementation of PLFS in initial studies 
was tailored in order to produce significant increases in 
butterfat yield and level of unsaturation of the milk 
product. ifdr-theselredsons, ifeésearchers such as Scott ef a/. 
1970+ TBbowman cet falwp 49 72sieMecheod seteahilacto7T#; cSmren 
ehtal onniS7?s, Sco mame acfewr, usednnations of eSrkg 
PLFS/cow/day. With the use of high levels of protected lipid 
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revealed that although milk yield and fat content increased 
Substantially, the productive response was not sufficient to 
prove definite economic feasibility (Parr, 1980). 
Palatability and intake problems, as well as fat-cow 
associated disturbances developed, therefore, lower levels 
of PLFS inclusion were investigated. Collaborative results 
of studies carried out by Bines et a]., (1978) and Brumby 

et al., (1978), established that at high levels of protected 
tallow supplementation (eg. 15% of ruminant's diet), cows 
received excessive fat energy. This decreased the efficiency 
of utilizing both protein and carbohydrate, hence they 
Senckeuded that 5-10% levels of PLFS incorporation would 
result in the greatest efficiency of utilization of 
carbohydrate; tproteingdandefatiforgmalktproduction:.As a 
consequence of these and other commercial studies, the use 
Of PLESO ihreanadas 1s presenti yudimatedr toaSet J25X%0 of 
concentrate offered to cows. 

Worth mentioning is the fact that most of the diets 
formulated to include PLFS were isonitrogenous, while some 
Studies were carried out uSing isocaloric diets. 
Isonitrogenous diets containing PLFS usually varied less 
thancd0%etroms standard’ rationst (Bitman ef al., 1973; Plowman 
et a2ite Gove; Smith ef al.eds76) . 

The use of formaldehyde in the manufacture of PLFS was 
notefeund foerbe toxichtoethe ruminant) ityrs degraded to 
methane and carbon dioxide in the rumen (Mills et al., 
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In formulating diets, it was discovered that pelleting 
should be discouraged for supplements, as damage to the 
Protein jackets Of the partrece mayooccur, cesulting in loss 
of protection (Scott, 1975). In these cases the common 
advantages of PLFS usage would occur but only to a lesser 
extent. With SurticirentPloss of protection, free 61] would 
probably result and be metabolized in the same way as if 
unprotected fat was fed. Hence hydrogenation of unsaturated 
fatty acids, impaired digestion and ultimately low milk fat 
yield would occur. To avoid such complications, PLFS is 
usually incorporated in the milied ration with thorough 
mixing. 

Another area of concern is the potential of oxidation 
to occur in stored feeds containing protected lipid. 
According to Carpenter (1968), diets containing highly 
oxidized free oils (as indicated by increased peroxide 
values) had no detrimental effects on animals' intake, 
metabolism or performance. He further described the increase 
and subsequent decrease in peroxide value that occurred 
during storage of the feed (Fig. 2.5). It was postulated 
that this pattern was due to the known instability of 
hydroperoxides formed (Fig. 2.6). 

To date, there is a lack of documented experimentation 
on the potential development of oxidation in the lipid 
moiety of PLFS, and the effect that this would impart to 
feeds at particular levels of supplementation. The increased 


polyunsaturated fat content in protected lipids, at high 
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levels of incorporation, may cause decreased palatability or 

adverse effects on the ruminant's metabolism if oxidation 

shouldmoccum. Twowareas twhach warrant’ more wattentiom are: 

awvMEie ect tie protection! irontrthe rate of a ypidoxedatromrit 
PLFS was stored under adverse conditions 

11. Level of supplementation of abused PLFS needed for 


adverse te Piect shorn ruminant *svmetabol sm (to oecur. 


2.3 Effects of protected lipid supplementation 


2.3.1 Intake and efficiency of energy utilization by cattle 
Generally, it has been demonstrated that with cows not 
fed ad Jibitum, replacement of part of the basal concentrate 
With PLFS on a weight to weight basis resulted in increased 
energy intake (Goering et a/., 1976; Wrenn et a/., 1978; 
Kronfeld et a/., 1980). With ad Jibitum feeding however, dry 
matter intake decreased, resulting in either no change or an 
increase in energy intake when low levels of PLFS are fed; 
while high levels of supplementation caused decreased 
intakes (McLeod et al., 1977: Bines et a]., 1978; Palmquist 
and Jenkins, 1980). In a very comprehensive review by Storry 
(1981), several possible explanations were offered for the 
jack of a distinct effect of PLFS on energy intake. Firstly, 
it was felt that the different energy requirements and 
Capacities to respond would affect the energy intake of 


dairy cows in various stages of lactation. Also, the 
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variation in dietary conditions (especially with respect to 
type and amount of roughage fed) between experiments could 
contribute to a change in energy intake. The semi-protected 
nature of some lipid supplements is also a possible reason, 
Since the presence of free fat that may result would affect 
dry matter and energy intakes. Finally, it has been 
Suggested that some metabolic or endocrine factor may limit 
energy intake and dictate negative balance during early 
lactation. 

With respect to energy utilization, it has been found 
that more efficient use of metabolizable energy for milk 
production and liveweight gain occurred when protected 
lapuds: were) fedi( Bimes et @)., 19785) Brumbyvet ais. oh)978: 
Smith ef ein» AO78en Kronfeld: ef alioe 4980). Int. was) theorized 
that this effect was due to the increased energy density of 
these diets, and the more efficient metabolism of LCFA 
compared to the volatile fatty acids which are the major 
source of digestible energy in ruminants (Blaxter, 1967; 


kronfelds 49:76). 


2.3.2 Effect of Protected Lipid Supplement on Milk 
Composition 

Data from feeding trials, in which fairly high levels 
Of. PLFSersupplementatiion) (1hiS»— 5. Oo ko/cow/dayduwe re used, 
indicated that almost always the milk yield remained 
unchanaed iGoerang eff alate; Goeningretiave; 19ru; 
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Studies, an increase in milk yield resulted (Kristensen 

et a]., 1974). The most noticeable change in milk 
composition occurs in the milk fat content. Significant 
increases in the butterfat content have been documented for 
protected lipids in which different oils and oilseeds have 
been used at various levels of supplementation. The 
suppression of intramammary fatty acid synthesis normally 
associated with the feeding of unprotected oil is minimal 
when protected oils are used - hence this 1s a possible 
explanation for the increase in fat content associated with 
its use (Storry, 1981). In studies undertaken by Grieve 
(1976 ; 1980) and Wong ef a/]., (1982) a slight increase in 
the butterfat content of milk occurred when using low levels 
(7.5%) of protected tallow in which soybean meal was the 
source of protein. Other investigators such as Pan et al. 
(G7 20cePlowmen etealtin (sn 99720) « Goering et a/!.1 01972) 36 Yang 
ein a) bi iS7 8) eerecorded aniwncreaseri ni butterfats contentnor 
up to one percentage unit when much higher levels of 
Supplementation were fed. 

Thee nature of. thes butterfatcoasssuch that! it) reflects 
the fatty acid composition of the protected lipid. Thus the 
level of polyunsaturation inevitably increases in milkfat, 
the extent of which is determined by factors such as the 
level of supplementation, the fatty acid profile of the oil 
used, Bndbthesstaget ofolactation .Scotte and, Cook,<4(19709s 


Panvetoaeio (4972)e4 Plowmanretraelad (1972)« Scott ef. al. 
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(72) ee Batman: Clea qed S7s)enChandler: ete ealnedA 97a06 
reported linoleic acid content of up to 35% using safflower 
O12) Elewatedideve bss off Cagedehady littde effect, on the 
stereospecific distribution of other major fatty acids when 
PLES» weret feds (Mildsveft) ain, 197659 Barbanovands Sherbon, 
1980). Of interest is the observation that short and medium 
chain fatty acids (except butyric) were positively related 
to the carbohydrate and cellulose intake and negatively 
relatenhios Tatoyracads intake: «whereasuy i eldstiots Gar Cag 
and C,, fatty acids were positively related to cellulose and 
carbohydrate intake, while curvilinear to fatty acid intake 
(Stormryed 198ae) . 

Another advantage of using protected lipids lies in the 
fact that they can be used to rectify incidence of low milk 
fat syndrome normally associated with the feeding of low 
roughage, high concentrate diets (Storry et a/]., 1974). It 
was postulated that this was a result of sufficient fatty 
acid being digested in order to meet the increased demands 
of the adipose tissue and also in order to compensate for 
the diminished intramammary synthesis of fatty acids. 

The changes in fatty acid composition of milk obtained 
with protected lipid feeding may have a considerable effect 
on the measurement of fat and lactose by infra-red methods. 
This is mainly due to differences in the average molecular 
weight of component acids (Franke et a]., 1977). 

With respect to other milk components, variable results 


have been recorded when protected lipids were fed. A 
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decrease in the lactose content of milk has been noted by 
Ceonees tals pniei2 -handteanyescal. } 6197 2pewhée reds ino 
Significant change was recorded by Grieve, 1980, and Storry 
et al. (1978a&b). With respect to protein content, the trend 
appeared to be a very slight increase at low levels of 
Supplementation, and a slight decrease or no change when 
higher than 0.5 kg PLFS/day were fed (Storry and Brumby, 
Lone pedPangepea! > 10197 Bisancd SB teman et ta] £eCI9FS) Perecordéed 
an increase in protein levels when about 1ikg PLFS per day 
was fed to dairy cows. On the the other hand, results of 
Studies by Mattos and Palmquist (1974), and Grieve (1976), 
indicated that protein content decreased, while no change in 
the protein content was reported by Goering et al]. (1977), 
and by Barbano and Sherbon (1980). According to Pan et al. 
(1972) and Smith et a]. (1978), there was a decrease in the 
solids-non-fat content of milk when PLFS were fed. However 
no significant change was noted in this parameter in studies 
carried by Bitman et a]. (1973), Grieve (1976), and Barbano 


and Sherbon (1980). 


2.3.3 Effect of Protected Lipid Supplement on Oxidative 
Changes in Milk 

It is now known that milk in general can be susceptible 
to deterioration due to oxidative changes ocurring in the 
mubieolat qoordionie(See Section 2.4 $2) 1 Aneincrease "in the 
oxidative instability of milk fat has been shown to be 


related to increases in the linoleic acid content (Smith 
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Sitalt: t8eso0Stdhuiet af .¢et873)tl Thereforeststacerthe 
Seepcentraetion of this fatty acid is higher in mikk resulting 
from cows being fed PLFS, it is expected that this milk 
would be sensitive to oxidative deterioration. However, it 
waS pointed out that this adverse effect was operative when 
protected oils per se were used, and that oxidative 
Stability was improved when protected oilseeds were used 
instead (Haase,1977). Results of studies carried out using 
both low and medium levels of incorporation of protected 
Safflower o11 revealed that an oxidized flavour developed 
readily in raw milk and gradually during storage of 
homogenized and pasteurized milk. Goering et a/. (1976), who 
fed 0.8 kg protected safflower oil per day, to lactating 
Holsteins, suggested that the use of tocopherol would be 
effective in preventing off-flavours. This was in agreement 
with results and recommendations by Edmondson et al]. (1974). 
The compensatory decrease in C, fatty acid that occurs 
with increase in C,.:. (Gooden and Lascelles, 1973; :Astrup 
etoahopndei6:rAstruprersal.y, 1979) ¢)mayocausecanreduction sain 
tancidut lavounninemilkensincegthesr fatty lacidatC.iois 
implicated in the development of rancid flavours. When 0.36 
kg/day protected oil was fed, Astrup et al., (1979), 
reported that in addition to an increase in the oxidized 
flavour, there was a decrease in the potential for rancid 
flavour development, as detected by a sensory panel and 
corresponding free fatty acid contents. Further studies 


using protected rapeseed oil indicated that such supplements 
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inhi batinemproductmontotimaneade flavours (Astrupretnadn, 
IOS Od": 
In general, literature data on the relationship between 


hydrolytic rancidity and PLFS usage appear scant. 


2.3.4 Effect of Protected Lipid Supplement on Butter 
Characteristics 

The relatively high level of linoleic acid that occurs 
in milk fat when protected oil supplements are fed to 
lactating dairy cows inevitably has an effect on flavour, 
acceptability and shelf life of butter and other milk 
products (Rook, 1977). In particular, butter has been shown 
to have an improved spreadability at refrigeration 
temperatures (Buchanan et a/]., i970; Buchanan and Rogers, 
1973; Edmondson et a/]., 1974). It is speculated that this 
consequence would be favourable to most consumers. Due to 
the increased softness of such butter, modified churning 
methods were designed (Kieseker et a]., 1974), and it was 
recommended that temperature control should be practised so 
that butter can be given enough working in order to 
incorporate moisture satisfactorily. Tendency to slump and 
011 off is more pronounced in these "polyunsaturated butter" 
(Kieseker and Eustace, 1975), thus making them slightly 
inferior to the luxury margarines (Rook, 1977). This of 
course is due to the increased proportion of liquid fat. 
Aecording to Taylor ahd Norris (1977), the consistency of 


butter is determined primarily by the proportion of solid 
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fats, hence: more shumping 1siexpected: in’ butter with high 
polyunsaturated fatty acid content. Improved spreadability 
of butter, with the concurrent decrease in oiling off was 
possible when blends of "conventional butter" and 
"polyunsaturated butter" were made (Wood et a/]., 1975). 
Butter icontainangwhi gh chinolere acid contents (approx. 20%) 
were found to be more susceptible to oxidation on storage, 
especially if exposed to light or contaminated with copper 
(Buchanan and Rogers, 1973). However, butter had no adverse 
flavours after two months refrigerated storage. Manufacture 
of cultured butter by Kreula and Norlund (1974), containing 
only 6.1% linoleic acid, displayed improved spreadability, 
no undesirable flavours, and no oxidative problems on 
Storage at a range of refrigeration temperatures. A ration 
containing 0.5 kg protected safflower 011 was used in this 
Study thus iteis likely that-ateleow levels. of 
Supplementation, the small increase in linoleic acid that 
occurs does not adversely affect the quality of butter 
produced. However, in an effort to prevent oxidation 
occurring especially with high levels of supplementation, 
precautions should be taken to avoid copper contamination; 
also, the addition of antioxidants has been suggested by 
some workers in this field (Buchanan et a/]., 1970: Buchanan 


and Rogers, 19737 Kieseker ef ai. 4..1974; Rook, 1977). 
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203735 Practreal implications associated with the use of PLFS 
The main area of application for protected lipid feed 
Supplements is in the feeding of high yielding dairy cows in 
early lactation. In this way one can improve the efficiency 
Of Cenergy Yuseyetaliow Lorvugreatereutibizataontofsgqenetic 
potential, and specifically increase milk fat and its 
unsaturation, thus alleviating the low milk fat syndrome 
(Storry) 1981) a@vHowever!), with the!world=wide use of 
protected lipids, an accurate, faster and more routine 
method of determining the degree of protection of commercial 
Supplements iS urgently needed in order to facilitate 


efi vovent production (Storry, 1981). 


2.4 Chemistry of fat changes in milk and dairy products 
Cows' milk 1S simultaneously a solution of low 
molecular weight compounds, a colloidal dispersion of 
protein micelles, and an oil-in-water emulsion. At the time 
of secretion, milk fat exists as an emulsion of microscopic, 
immiscible liquid fat droplets in the aqueous phase of milk 
plasma (Brunner, 1980). The stability of this emulsion is a 
result of the presence of a third phase, a film containing 
protein and phospholipids on the surface of the dispersed 
particles. Due to the forces inherent in this 
microenvironment, the fat particles occur as finely divided 
Soheres individually known as the "milk fat globule”. Most 


Of the  miik lipids are located in these fat globules, and 
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their Surrounding membrane, while small amounts are also 
found in the milk serum (Jenness and Patton, 1959). Although 
che synthesijs.of midik fat im the, mammary,qland.< si mot. fully 
Weer StOoG, 1b io now knewn that the long) chain tatty acids 
presumably come from triglycerides absorbed from the blood, 
white pohe ~shornty Chaim fatty acids, arne.thought to be 
synthesized from ‘acetate and f#-hydroxybutyrate (Luick, 
1961). On the average, milk fat globules are about 4y in 
diameter, however, they have known to vary in size and 
distribution depending on environmental influences such as 
Been ~ tempenabiune ,.jand condat lon, iranging fron, -hito 2202 


(Br unneias £980 }e. 


2.4.1 Milk fat globule membrane 

The very existence of the milk fat globules depends on 
the adsorbed membrane, since without i1t, coalescence into a 
continuous fat layer would occur. It 1S now accepted that 
the milk fat globule membrane (FGM) consists of protein, 
phospholipids, cerebrosides, choiesterol, neutral 
glycerides, and water (Mulder and Walstra, 1974). The lipids 
in the membrane - especially the cephalin fraction of the 
phospholipids - contain a large proportion of 
polyunsaturated fatty acid residues. Therefore, the membrane 
iis. Susceptible. to..oxidation. (Koops, 1969). The presence of 
these oxidizable phospholipids together with the large 
Surface area of the globules, sets the scene for oxidation 


to occur. Since phospholipids are also present in the skim 
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milk phase, there are three potential sites for lipid 
oxidation: the fategqlobutes, the’ material oriented at the 
Surface of these globules, and the aqueous phase (Patton, 


nee), 


2.4.2 Fat oxidation and its measurement 

Auto-oxidatrenver milk lipids! #8 es imate risoeehet 
occurring in other edible oil products. However, the 
physical state of milk, presence of natural anti- or 
pro-oxidants, as well aS processing and storage conditions 
tend to influence ‘thel rate “at’ whitch it éecurs (Parks, 1980). 

Oxidative deterioration of milk proceeds through a free 
radical chain mechanism involving initiation, propagation, 
ere eerminat2on, wir igy 2.70. ‘This: auto-oxidation which often 
leads to defects in flavour of milk products, occurs mainly 
in polyunsaturated fatty acid residues which are 
particularly sensitive to initiation. Hydroperoxides are 
important products of reaction of fatty acids with oxygen, 
Since they undergo subsequent reactions that terminate in 
carbonyl compounds responsible for off-flavours (Fig. 2.7). 
The mechanism that has been proposed by Frankel et al. 
(1961) involves cleavage of the isomeric hydroperoxide (1), 
to the alkoxyl radical (II), which undergoes carbon-carbon 


fission to form the aldehyde (II1). 
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HYDROPEROXIDE THEORY 
oF LIPID OXIDATION 


A. INITIATION 
RH + 0, 


ROOH 


ROOH FREE RAapicais (eg R> RO; RO*, etc.) 


B. PROPAGATION 
Re + O, 


RO; 
RO; + RH -R° + ROOH 


C. TERMINATION 
R° + Re 
R° + RO° 


2 STABLE (NON-RADICAL) END PRODUCTS 
@ e 
+ RO 
RO; R 5 


Fig. 2.7. Mechanism of autocatalytic oxidation 
of lipids. 
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Pat Oxidatron ceocurring in milk systems can: be 
effectively monitored by the Thiobarbituric Acid Test (TBA), 
where, malonaldehyde reacts with two molecules of TBA to 
Drecduce’ a complex With a characteristic colour (Fig 2.8). 

Sincestheterimanyeproducts of lipid oxidation aré 
hydroperoxides, the determination of these compounds as the 
Peroxide Value has been used as an indication of oxidative 
State. However, due to the instability of hydroperoxides 
(Fig. 2.6), the determination of the Peroxide Value is very 
Sensitive to light, oxygen, and temperature changes. The two 
main sources of error in this measurement are (a) absorption 
OF focine at unsaturated bonds Wot the fat, and (5) “the 
liberation of iodine from potassium iodide by dissolved 
oxygen in the solution to be een (Gray), 1978) .liThe 
official method (AOCS) for determining the Peroxide Value of 
fats is highly empirical and thus any variation in the 
procedure may cause inconsistencies in results. Also, it has 
been documented that it is difficuit to determine low 
Peroxide Values with this test, due to problems with 
end-point determination (Gray, 1978). 

Milk can vary in its susceptibility to oxidized 
flavour, and it has been reported that some milks may be 
considered to be spontaneous with respect to oxidation 
(Bruhn et a/]., 1976), although the exact mechanism 1s not 
well defined. Contamination of milk with copper or iron has 
been implicated in accelerating the oxidation process (Smith 


and Dunkley, 1962; Shipe ef a/., 1978). Natural copper in 
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the fat globule membrane amounts to approx. 10 yg/100g. At 
low storage temperatures, it has been suggested that this 
copper migrates to the plasma, whereas heating causes 
migration of added copper from the plasma to the fat globule 
membrane, where oxidation then occurs (Mulder and Walstra, 
199 4). 8th addition totthis+*i1t8has Been. found that milk 
obtained from cows on dry lot feeding is more susceptible to 
oxidation than that of cows on pasture (Shipe, 1964). 

Other factors affecting oxidative deterioration in milk 
and milk products include oxygen levels, heat treatment, 


exposure to light, acidity and homogenization. 


2.4.3 Effect of storage temperature on rate of oxidation 
The role of storage temperature is anomalous Since it 
was reported that the intensity of off-flavour and TBA 
values decreased with increasing storage temperature 
(Dunkley and Franke, 1967). On the other hand, low storage 
temperatures tended to decrease the rate of light-induced 


oxidation in studies carried out by Dunkley et a/. (1962). 


2.4.4 Effect of oxygen level on oxidation 

It is now understood that a variety of oxygen species 
(including the hydroxyl radical, singlet oxygen, and ozone) 
can be generated in or near food systems such as milk, and 
can ultimately yield peroxides which subsequently decompose 
to initiate oxidative chain reactions (Korycka-Dahl and 


Richardson, 1980). Similarly, it has been shown that in 
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fluid milk, the absence or removal of dissolved oxygen 
decreases off-flavour development. Singleton et a]. (1963), 
demonstrated that oxygen was necessary for the development 
Siva ghtsinduced) oft> flavours,» while; Sharp (41941); 
demonstrated that deaeration inhibited off-flavours even in 


the presence of 0.1 mg Cu/litre of milk. 


2.4.5 Oxidation as affected by heat treatment 

It has been consistently reported that temperatures up 
to that of pasteurization tend to increase the 
Susceptibility of milk to spontaneous copper-induced and 
light-induced oxidation (Bergman et a/]., 1962; Smith and 
Dunkley,ad 962: Parry.et ual |) 29663. Parkss, 4980)%.aAn 
inhibitory effect on oxidative deterioration was noted when 
fluid milk was heated to higher temperatures than that of 
pasteurization (Greenbank, 1940; Tamsma et a]., 1962). It 
was thought that most heated products do not become oxidized 
until Sulphydryls are first oxidized and the cooked flavour 


has disappeared (Josephson and Doan, 1939). 


2.4.6 Effect of light exposure on oxidation 

Extensive accounts on the effect of exposure of milk to 
radiant energy have revealed that off-flavours invariably 
developed (Aurand et al]., 1964; Dunkley and Franke, 1967; 
Daniitelss 19735 Hansen et al 12 11975e Shipe eh, al #,(1978.).. 
These off-flavours have generally been categorized as being 


either "activated" or "oxidized". 
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Activated or sunlight-flavour has been hypothesized to 
develop rapidly, and has been attributed to the dissociation 
of a loosely bound complex ‘of riboflavin and 
tryptophan-containing milk protein (Aurand et a]., 1964). 
This reaction was proved to be oxygen-dependent. 

TheereaseommRiese, es ROOW OSE Mig BMH PNCKS 
unlikely to occur since the unsaturated fatty acid (RH) and 
the hydroperoxide (ROOH) are in the singlet states whereas 
tne oryoenit( OO: severtimt het ripletitstate +- ‘henge Wacloro£t 
conservation of spin (Aurand et a/]., 1977). Spin 
conservation would be satisfied if the oxygen was in the 
Singlet state, as can be achieved by chemical, enzymatic, or 
sensitized photooxidation. Since it was found that 
riboflavin could promote photodecomposition in singlet 
mediated reactions, Aurand and coworkers (1977) proposed the 
following mechanisms: 

* * 

Seiv ei ay SSOto' Sera) oSen 

Ser wmPOLeHs> CSene WOLF 

“ORO GH IRH: <=>) (ROOH! - +e? Photosoridation Prodicts 

iGen =uRiboflavin) which acts as a sensitizer} 
It was postulated that riboflavin could generate singlet 
oxygen Wiasthe» excited triplet state. Other workers have 
theorized methional to be the major component responsible 
for the burnt» flavour, produced’ when’ milk is"exposed' to 
suimitights Allen and Parks, 90757 Stipe, "1980 ).'Methionallas 
sxidiito bela product of. thee Strecker degradation of 


methionine (note: dicarbonyl required for reaction): 
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Photo-induced lipid oxidation represents the other 
Category of light-induced reactions and is very similar to 
autoxidation or metal-induced oxidized flavour. This 
off-flavour develops more slowly than the activated flavour 
and it has been proposed that homogenization enhances the 
light-activated component of this off-flavour, while 
inhibiting the oxidized component (Shipe, 1980). 
The present widespread use of fluorescent illumination of 
milk in display cases has been known to cause light-induced 
oxidized flavour, particularly in plastic and blow mould 
containers (Barnard, 1973). Also, it has been reported that 
nutritional losses (ascorbic acid and riboflavin) occur when 
milk in paperboard and plastic containers were exposed to 
fluorescent light for various times (Hansen et a/]., 1975; 
Hedrick & Glass, 1975). 

Several factors may influence the progress of 
photochemical reactions in milk. These include light source 
(wavelength and intensity), exposure time, oxygen, 


temperature and packaging material. 


2a Et becti.of acidity on oxidat von 

This parameter may have an effect on the susceptibility 
of milk to oxidation, although it has not been studied 
thonough] y- (Parks, 1980)).. Barly experiments indicated that 
ans inernease: ini pH of] Oink mashenough to @nhibit oxadation in 


fluid milk for 24 hours. Copper has been implicated in the 
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development of oxidized flavours in dairy products such as 


butter “and! wee-cream (Parks) 1980 ). 


2.4.8 Oxidation as affected by homogenization 

During homogenization, the total milk fat globule 
Surface increases several-fold and a lipid-casein complex is 
formed at the globule surface (Karel, 1973). According to 
Rox ef aeoC1gsi.) 2 ithisicomp bem ciormaticm entails distortion 
of the casein micelles by homogenization pressure, as well 
as the increase in globule area. Naturally, when the nature 
of the membrane changes, drastic differences in the 
behaviour of milk can also be expected. These changes may be 
manifested by (a) tendency for gelling, (b) a relative 
resistance to metal or photocatalyzed reactions and (c) 
Susceptibility to enzyme catalyzed reactions leading to 


peroxidation (Shahani, 1974; Karel,1973). 


2.4.9 Lipolysis 

Lipolysis has been defined by Downey (1974), as the 
enzymic hydrolysis of milk fat triglycerides. This reaction 
has great economic significance, in that accumulation of its 
reaction products (free fatty acids) is responsible for the 
lipolytic “oft-f levour ‘knowntds “hydrolytic “Krangidity.. 
Although several mechanical and inherent physiological 
processes can result in lipolysis, the FGM effectively 
protects. the milk triglycerides from attack by lipolytic 


enzymes present in normal milk (Downey and Murphy, 1975; 
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Jensen, 1964). In addition, association of these enzymes 
with the casein micelles and the possible presence of 
lipolytic inhibitors also contribute to the relative high 
resistance to enzyme attack. 

Normal milk contains at least two naturally present 
lipases, one of which is associated with spontaneous 
lipolysis. The other (plasma lipase) remains loosely bound 
to the casein micelle until adsorbed onto the milk fat 
globule by an activation process (Jensen, 1964). Lipase has 
been found to be inactivated by oxidation, and to be 
sensitive to copper and iron (Shipe, 1980). The explanation 
offered for these observations was that lipase contains 
Sulphydryl groups which are associated with enzyme activity. 

Activation of lipase can occur via homogenization, 
shaking and temperature manipulations, eg. cooling to 5°C, 
thenowarming) £0080" C) Nanded inaldy> cooleng tomS?cs (Chandan 
and Shahani, 1964). In the case of homogenization, 
activation may be rapid, due to an increase in substrate 
surface area and a recoating of the newly formed globules 
with lipase-containing casein (Jensen,1964). Temperature 
changes such as cooling, may disrupt the FGM or alter the 
association of the lipase with other milk constituents 
(Shipe, 1980). Generally, activation may occur by: 

i. Facilitating the release of lipase from the casein 


micelle 
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11. Promoting the adsorption of enzyme on the fat globule 
ili. Altering the orientation of the adsorbed fat globule 

membrane (Chandan and Shahani, 1964). 

Agitation, particularly when accompanied with foaming, 
has been shown to cause a redistribution of the enzyme 
between the cream and the skim milk phase (Deeth and 
Batz-Gerald, (1S9ijy. Thesaccumuhati oni of) mono-3, 
di-glycerides, and free fatty acids that results when milk 
JA pase. HS In. conitact. wath midik. fat. confers: asrancid flavour 
on the milk. Chemically, lipolyzed flavour is primarily due 
to- thes Ca,- GC, nwolataie fattycacids.| The. lipasesdoes not 
differentiate between short and long chain fatty acids 
attached to the primary positions of the same glycerol, 
however, since butyrate appears mostly to be a primary 
ester, an apparent preferential release of butyrate occurs 
(Shipe, 1980). Once induced by agitation, lipolysis proceeds 
rapidly only for a relatively short period, after which it 
levels off, with no further accumulation of free fatty 
acids. This phenomenon may be due to the build-up of 
inhibitory free fatty acids at the fat globule interface, 
and failure of the enzymes to desorb from the interface, 
leading to a gradual inhibition of lipolysis (Downey, 1980). 

The extent of activation has been found to increase 
with the duration and degree of agitation, while it 
decreases with the age of the milk at agitation (Tarrasuk 
and Frankel, 1955; Kitchen and Aston, 1970). Maximum 


activation has been reported to take place at temperatures 
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ranging between 40°C and 50°C (Fitz-Gerald, 1974), whereas, 
Kitchen and Aston (1970), proposed a slightly lower 
temperature (37°C). 

As milks from individual cows are known to differ in 
their propensity to develop lipolytic flavours, it is 
customary to distinguish between naturally active milk from 
normal milk. Causes of spontaneous lipolysis are not fully 
understood, although it has been postulated that the level 
of phospholipid containing substances in the milk is 
important (Driessen and Stadhouders, 1974). Review studies 
Carried out by Deeth and Fitz-Gerald (1976), however 
attributed spontaneous lipolysis to several physiological 
factors such as blood-derived constituents, late lactation, 
poor MILT 14 On particularly ‘during? late lactation)’,’ low 
milk yield, oestrus cycle and increased cell count. 

in an eittort: to contro lMinduced \lypolysisys milk! should 
be cooled immediately after milking and with minimum 
agitation) prior topasteuri zation’ (Shipe 1980)..) Abso, it 
has been suggested that weigh jars (which inevitably cause 
lipolysis), should be disconnected during milking when 


weights are not being recorded (Pillay et a]., 1980b). 


2.4.10 Measurement of lipolysis 

The extent of lipolysis occurring in milk systems can 
be followed by the determination of the Acid Degree Value 
(ADV), which assays for the free fatty acids present (Marth, 


fo7e ye According to Themes et val. (1955), good raw milk has 
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an ADV not greater than 0.9. The onset of activation can be 
recognized by an increase in ADV to 1.5 or greater. More 
recent studies on the threshold ADV for lipolyzed milk (as 
detectable by sensory analysis), indicate that in estimation 
by the standard BDI method (Marth, 1978), values lie between 
1.85 and 2.05, whereas by the modified Frankel and Tarrasuk 
method, the threshold value lies between 4.1 and 4.5 (Pillay 
et al., 1980a), hence the definite boundaries specified by 
Thomas et al. (1955) seem questionable. 

The butterfat changes that may occur in milk can be 
influenced by feeding protected lipid supplements. As 
discussed in Section 2.2.1, there is usually an increase in 
the polyunsaturated fatty acids produced, and a compensatory 
decrease in short chain fatty acids with high levels of PLFS 
Supplementation. This inevitably caused a decrease in the 
oxidative stability of the milk produced (Haase, 1977). The 
information on the effects of feeding low levels of PLFS and 
the corresponding susceptibility of milk and butter to 
oxidation and lipolysis is scant, hence the inception of 


this study. 


no tisav 


ea ol 


level wol eniftes? Lo etsebie sts 10 


. 


t stalling Oo 


Bree ae | 
36842 @8egs Stee Mee wer ’ 


, Ores 1833 6M) eda te - 
tL). avewoed aeal enlav bitodine a2 ods 


Pe 


(sinso% See sae end Va asoier 


Pl i - : ian 

pikntish edd someting tet 

- 
2SUP eng .¢ ger). A> 

hetad " 

you jods zegndda JePperse 
Ue rit. 2e2 st J9O7%G erka out 
£.§ oolage2 


: - : 
aniigs 


rhoty e@bbtos 2igee) Caz 


ie “a j ** esia alia cae 


ie ie ; 
hin 


TD ad 
: ; oe _ 
ye 


it it aor’ 
pa 2 _ 7 
oo — 
“ _ : 
‘7 _ — - 


3. OBJECTIVES AND EXPERIMENTAL DESIGN 
The main objective of this investigation was to 
determine the effects of feeding commercially realistic 
levels of canola-based "Protec" to lactating dairy cows on 
the quality of milk and butter. Three major experiments were 
Carried out. 
1. A threshold study to determine the level at which changes 
are Digs, detectable im the quality of ‘milk and butter. 
2. To determine the susceptibility of "Protec" itself to 
oxidative changes during storage and the effect of 
feeding the stored "Protec" on milk and butter quality. 
3. The evaluation of the milk and butter produced from 
commercial dairy herds with a history of continued use 
Siam eotec.”', 
The first two experiments were carried out in collaboration 
with the University of Alberta Dairy Research Unit (operated 
by the Department of Animal Scence). Commercial farms in the 


vicinity of Edmonton were utilized in the third experiment. 


3.1 Experiment 1 - Determination of PLFS Threshold 

Objective. A threshold study was conducted to determine 
the lowest level of "Protec" supplementation which would 
cause detectable changes in milk and butter quality, as 
determined by sensory, chemical and physical tests (Table 
Ea ot oy 


Experimental Design. Isonitrogenous diets (Table 3.2) 
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Table 3.1 Analytical Procedures performed on Milk and Butter 


Milk 
From Individual From Pairs of Cows 
Cows Fed the Same Diet Butter 
Composition 
Butterfat x x x 
Protein x = 
Lactose x ~ - 
Total Solids Me x - 
Solids-non-fat x x - 
Iodine Value - - ¥ 
Functional Properties 
Penetrometry = - x 
Viscosimetry - - X 
Dropping Point - - X 
Solid Fat Content ~ - x 
Rancidity and Oxidation 
ADV - x - 
TBA - x - 
Peroxide Value - - x 
Flavour 
Expert Evaluation - x _ 
Triangle Test - X X 
Signal Detection Test - - x 
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Table 3 2 Experiment 1. Formulation of Test Concentrates (5%) 


Tee rOrec 

0 S| 6 $ 
Diet number bi us 3 4 
Protec ¢) 3 6 9 
Rapeseed meal eee 20 19 18 
Rolled oats 25 25 hs 5a) 
Rolled barley 42 40 38 36 
Rolled wheat S 5 5 5 
Molasses 3 5 3 3 
Calcium phosphate eee eae Lise de 2 
Limestone 1.4 1.4 1.4 1.4 
Non med. trace salt 1.30 LAO 120 1.0 
Vit. A-D-E 0.05 Oi.02 0.05 OsQs5 


vit. D? 0.03 0.03 0.03 0.03 
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formulated to contain graded levels (0, 3, 6, 9%) of 
"Protec", were fed to eight Holstein dairy cows in their 
early to mid-lactation periods. A double 4 x 4 Latin Square 
design was employed, where two cows were fed the same diet 
for three weeks in each trial. The entire experiment was 
twelve weeks in duration. Milk was collected, processed, and 
treated after three weeks (i.e. at the end of each trial), 
uSing methods described in Section 4.2 and 4.3. Finished 
products (milk and butter) were evaluated by sensory methods 
and analyzed by chemical and physical tests (Section 4.5 and 


4.6) 


3.2 Experiment 2 - Storage Stability of "Protec" and Effect 

of Feeding Stored "Protec" on Milk and Butter Quality 
Objective. The purpose of this study was two-fold: 

(a) To assess the susceptibility of commercially 
manufactured "Protec" to oxidative changes during 
controlled storage. 

(b) To evaluate whether the quality of milk and butter would 
be affected by feeding the threshold level (as 
determi neds invExptis Weofestomede"Protec"wtordactating 
dairy cows. 

Experimental Design. 500g of "Protec" were incubated at 4°C, 

20°C (room temperature), and 40°C, for a period of twelve 

weeks. Subsamples were taken at two week intervals and 


analyzed for oxidative changes as indicated by the Peroxide 
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Volwe Tes tmetoncaur rent by @asiGke ofr" Protec" .wére Rstered sin 
Open containers at 40°C for twelve weeks. The resulting 
Stored "Protec" was supplemented in diets to determine 
whether the effects of storage would appear as off-flavours 
Pn Cniebierand thuwt er Lepie Gsinconta prinigand ofProtec" 66% -itesh 
[Protec “rand (6, estored «"Protec” were afednimra completely 
randomized design, to twelve Holstein dairy cows in late 
lactation for three weeks. At the end of the feeding trial, 
milk from the four cows being fed each diet was combined, 
processed and analyzed. The composition and quality of 
homogenized, pasteurized milks and butters produced were 
checked by chemical, physical and sensory tests (Sections 


4.5 and €.6)., 


3.3 Experiment 3 - Evaluation of Milk and Butter from Cows 
being fed "Protec" in Commercial Dairy Herds 

Objective. This study was concerned with the assessment 
of the quality of milk and butter when produced from 
commercial dairy herds having a continued history of PLFS 
use. 
Experimental Design. Milk was collected from two commercial 
dairy farms that had been using protected lipid feed 
Supplements for at least three years, and also from two 
commercial dairy farms that had never used "Protec", or any 
other PLFS. All farms concerned had herds consisting of 


Holstein dairy cows. For comparison, milk was also obtained 
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from a commercial dairy manufacturing plant in Edmonton, 
Alberta. A portion of milks obtained from herds being fed 
"Protec" was combined, homogenized and pasteurized for 
sensory evaluation (Section 4.6.1), while the remainder was 
processed into butter. Sensory evaluation and tests related 
to butter hardness were carried out as in previous 
experiments. Comparisons were made with milks and butters 
processed in a similar manner which were obtained from herds 


not being fed *Protec”. 


No saemba ob re 
bei enied ebyed 
102 bosizvesaeg S 
2aw yoboniame: ods APP a.) of 
hestelet e2e62 Sma ss am 
evolvang th s4/ame Betazss + 
sieijud fae ealin dobw bain e726" noe: ' 
atiisr mor! hanissite sae bade Temi sia sels 


4. MATERIALS AND METHODS 


4.1 Raw Materials 


4.1.1 Protected Lipid Feed Supplement 

The supplement used throughout this study was the 
GCancoia-based product "Protec". This was manufactured (Fig. 
4.1) and supplied by Barrhead Alfafa and Protec Products 
Ltd., Barrhead, Alberta. In this process (personal 
observation), the canola seeds and meal are crushed in a 
plate mili prior to emulsification with sodium hydroxide. 
The slurry that results at this stage is drum dried, 


packaged and distributed to dairy farmers on a demand-basis. 


41.2 Microstructure of “Protec” 

The microstructure of the unprotected and protected 
canola was examined as described by Stanley et al]. (1976). 
Dehulled seeds or granules of the protected lipid material 
were prefixed in a 3% glutaraldehyde solution (in pH 7.0 
butter). Aiter post-fixing) inm4at% KMnO, at 5° @~rrtheseeds 
were rinsed in several changes of distilled water. 
Dehydration in seven changes of ethanol preceded air drying 
and mounting. The scanning electron microscopy was carried 
out in the Department of Entomology on both unprotected and 
protected canola. A typical micrograph (Plate 4.1-B&D) 


illustrates the distribution of canola meal on the protected 


SO 


4: 
vm 
: 
7 
i Py creep: 
7 
’ “" 
=? 


to1q Bac betoedorgn seid Io Sage ounaeooa 


wn Digit HSssaederve wid I¢ es limete +6 ab 


agt070nu Ado 


td Jaddouc.s? we 
ui>etunem eeu aha? ."s9dor5 130 
4 aR: 

. 2 ww hh ey Bla bat Aso A: tee ¢ at 


dewt: ; | aT Paz G @ afoves odd 


* [ange yd bedbases® an Steel 
sated 


ai) moiceloe ebydeb: si s2ule 28 a al ‘tention 
a , QM Bt ai ented t-se0g baba: 
dren endl 


.44$ea8 Bbollizveth Yo 29eneeto in 
7 


is b}ebeoe 30 fcnedize to aespnad 


aitoels prinaaa 


5] 


[CANOLA MEAL | CANOLA SEED 
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rig. Ay Diagram of Protec’ Manufacture 
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canola seed. 


4.1.3 Formulated Diets 

The test diets were based on the standard rolled ration 
fed at the University of Alberta Dairy Farm (Table 4.1). 
Standard procedures of the University Farm operations were 
followed; this included pelleting of the experimental 
concentrates in a Pellet Mill subSequent to mixing ina 1 
Ton Batch Mixer. The standard diet used consisted of 7 kg 
hay, 3 kg beet pulp and 14 kg concentrate. In addition, 
water and a mixture of equal parts of trace mineral salt and 
calcium phosphate were offered ad /Jibitum. The actual 
amounts of hay and concentrate offered varied slightly with 
the past production record of individual cows. Diets were 


stored at a cool temperature in the store-room at the farm. 


4.1.4 "Stored Protec" 

In order to assess the susceptibility of fresh "Protec" 
to oxidative changes during storage, "Protec" was incubated 
in open containers at 40°C for a period of twelve weeks. The 
product resulting is Cece GO-as Stored Protec’ 


throughout this work. 
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tableva.. (Stendard Rolled Ration (Control #1) Fed By 


University of Alberta Dairy Research Unit 


Rapeseed meal! 
Rolled oats 

Rolled barley 
Rolled wheat 
Molasses 

Calcium phosphate? 
Limestone! 

Non med. trace salt! 
vit. A-D-E} 


vit. pd } 
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Plate 4,1 (A) (B) 


400HM 


Scanning Electron Micrograph (SEM) of unprotected (A) and 
protected (B) canola seed - low magnification (x27.5 and x25 resp.). 


eo 


10M 


Scanning Electron Micrograph (SEM) of unprotected (C) and 
protected (D) canola seed - high magnification (x750 and x800 resp.). 
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4,2 Processing 


t2.1 COLbection of Milk 

Milk from the University Dairy Farm was collected 
directly from the milk receiver of the pipeline milking 
equipment into stainless steel milk cans, and transported to 
the Department of Food Science, University of Alberta. 
Collection of milk was made twice per day during the hours 
Of. /c 0) am <0 7130) ame and) 3:00) pme-4 4530) pm,< whent cowsswere 
normally milked at the farm. Milk from commercial dairy 
operations was obtained from a refrigerated bulk tank 
located on each farm. All milks were cooled quickly to about 
8°C by immersing cans in a cheese vat containing ice water 
and by stirring the contents of each can intermittently. 


After cooling, the milk was stored at 4°C for processing. 


4.2.2 Homogenization of Milk 

Morning and afternoon milkings (comprising a production 
Gay) were obtained from cows being fed the same diet, then 
pooled and thoroughly mixed. A 15-20 litre sample was taken 
from each batch for homogenization, while the remainder was 
refrigerated and used in cream production the following day. 
After heating to 50°C , the respective milks were passed 
through a Gaulin Laboratory Homogenizer, Model 15M - 8TA 
(Everett, Mass.) using a pressure of 3000 psi. The 
individual batches of homogenized milk were pasteurized 


immediately. The homogenizer was cleaned by the Cleaning in 
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Place (CIP) method and rinsed with hot water preceding each 
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4.2.3 Pasteurization of Milk 

Homogenized milks were batch-pasteurized in a 
laboratory stainless steel double-jacketed kettle. The milk 
was held at 73°C for thirty (30) seconds, then quickly 
cooled to ca 10°C by passage of cold water through the 
jacket of the kettle and by immersion in ice water (Section 


4.2.1). Storage at 4°C followed. 


4.2.4 Separation of Cream 

The morning and afternoon milk of the second day's 
milking, collected from cows on the same diet was pooled and 
combined with the milk remaining from the previous day's 
milking. The resulting composite was heated to 50°C while 
Stirring continuously using a mechanical stirrer. Cream 
containing at least 50% fat (Table 4.2) was obtained by 
Separation on 4 Liguid-Liguid-Solid Disc) (#58) Pilot Plant 
Centrifuge, Alfa-Laval (De Laval Company Ltd., Peterborough, 
Ont.). The cream was batch-pasteurized at 75°C. fer. 30 


minutes, sampled for analysis and cooled overnight at 4°C 


4.2.5 Butter-making 
Creams were churned into butter in a laboratory Hobart 
Mixer Kitchen Aid - Model K5-A (Troy, Ohio) using a pronged 


blade. The Hobart bowl was surrounded with ice throughout 
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Table 4.2 Fat Content of Creams Used in Buttermaking 


% Butterfat! 


Experiment l 


BR. * OS Protec 60 
3% Protec 64 
6% Protec 56 
9% Protec 60 
B. Us Protec gai 
3% Protec 54 
6% Protec 70 
9% Protec Ce 
Cc. 0% Protec >50¢ 
3% Protec >504 
6% Protec >502 
9% Protec >502 
D. Of Protec 68 
3% Protec 69 
6% Protec FL 
9% Protec 60 


Experiment 2 


0% Protec WZ 
6% Fresh Protec On, 
6% Stored Protec 68 


Experiment 3 


Control, (Wi thoutProtec), A Ih 
B 76 
Test (With Protec) A ae 
B Gs 


1 Babcock procedure. 


2tInsufficient sample to repeat analysis. 
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churning to ensure that the cream remained chilled. 
Buttermilk was washed from the butter with cold water. The 
excess moisture was removed by draining and subsequently 
working the butter by hand manipulations. Butters were 
packed in 250 ml plastic containers and stored for further 


mSer 


4.2.6 Storage of Milk and Butter 

Following homogenization and pasteurization, milks were 
storedarmeamberotiplitrecglass*bottles atr4*¢c . Butter 
Samples not required for immediate use were frozen under 


nitrogen at -40°C . Other butters were refrigerated at 4°C 


4.3 Susceptibility of Milk to Induced Oxidative and 


Hydrolytic Rancidity 


4.3.1 Copper-induced oxidation of Milk 

Copper sulphate solution was added to one-litre samples 
of homogenized and pasteurized milk in order to attain a 
final concentration of 1 ppm copper (Shipe ef a/., 1978). 
Samples were kept in amber glass bottles at 4°C for at least 


24 dheuns jonter Atcalanabysis (Section 4.5.1). 
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Pus.2 Exposure of Milk to Fluorescent Light 

Homogenized and pasteurized milks were placed in 
1-litre glass Erlenmeyer Flasks and sealed with Saran Wrap. 
The flasks were positioned such that the surface of the milk 
was 35 cm under a commercial "Bright-Stik" lamp (Appendix 
B). Samples were exposed to 300-550 lux intensity for 3 and 
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4.3.3 Inducement of Hydrolytic Rancidity in Milk 

Raw milk samples (ca 250ml) were warmed to 37°C ina 
water bath and immediately whipped in a Waring Blender for 
60 seconds. The milks were then incubated for 15, 30, and 60 
Gites la r37 eC toi Onto pastéur Meatien tal FS5C Prore30 


seconds. Refrigeration at 4°C followed. 


4.3.4 Oxidative Stability of Butter 

Covered plastic containers with butter samples were 
stoned ats4 °c hfor “30 tdaystimeorder “tordetermine the 
susceptibility of butters to oxidative rancidity as measured 


by the Peroxide Value test (Section 4.5.2). 


4,4 Proximate Analyses 


Unless otherwise stated, all determinations were 


performed in duplicate. 
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4.4.1 Diets 

Poo lech sSamplesnotminesiti onc entratess fedritoccowstauring 
the first feeding trial resulted in four diet mixes 
containing) 0} 13,, 6,cand) 9% "Protec". Samples wereground® in 
emooitee mill and analyzed for moisture, crude protein, 
ether extract, gross energy and dry matter. With the 
exception of dry matter, all results were reported ona dry 
basis. 
Moisture. Moisture was determined by a standard AOAC (1980) 
procedure (Method 7.003). Samples were dried to constant 
weight in a vacuum oven at 95-100°C. 
Crude Protein. Crude protein was measured according to the 
Kjeldahl procedure (AOAC, 1980, Method 7.016). Protein 
contents wash calculated: acenlitNex 65 .25)2 
Crude Fat (Ether Extract). The fat content of the respective 
diets was determined by quantitative extraction using 
anhydrous ether in a Soxhlet apparatus. The extraction 
period was 5 hours at a condensation rate of 5-6 
drops/second (AOAC)! 1980, ?Method: 71056). 
Gross Energy. The gross energy of the diet was determined 
according te the AOAC Method, 1980. A Parr Oxygen Adiabatic 
Bomb Calorimeter (Model 1241) equipped with a Parr 
Calorimeter Master Control (Model 1680) was used when 
available to provide direct energy values. A Parr 
Calorimeter (Model 1241) was also used in conjunction with a 
Parr Calorimetric Thermometer (Model 15557). This required 


manual calculation of the energy content. 
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4.4.2 Milk 

The following compositional analyses were carried out 
byMStaiiiewct the: Central MallkeTesting divwieioniwat the, 0.S 
Longman Building, Edmonton,Alberta. Standard methods were 
used . 
Fat. The fat content of the raw milks was determined by two 
methods. The Mojonnier method was according to a modified 
AOAC method (AOAC, 1980: Method 16.082), where the fat was 
drieq at 735 “C at 20 Hq for 5 min. An automated procedure 
based on infra-red analysis (AOAC, 1980) was also used. 
Protein and Lactose. Both protein and lactose were 
determined using the Milkoscan Infra-red Milk Analyzer 
(AOAC, 1980> Methods 16.084 and 16.086 resp.). 
Total Solids. Duplicate samples of 3.0-3.5 ml of raw milk 
were predried for 30 minutes on a steam bath, subsequent to 
being placed in a forced air oven at 100°C. The residues 
were dried to a constant weight (AOAC, 1980; Method 16.032). 
Solids Non Fat. The solids non fat (SNF) values were 


% SNE = Uo Total Solids — -% Fat 


4.4.3 Butter 

Preceding analyses, butters were softened to a creamy 
consistency by warming in a water bath (39°C), with 
intermittent shaking (AOAC, 1980; Method 16.204). 
Moisture. All butter samples were tested in triplicate for 
moisture using the AOAC (1980) Method 16.205. The creamy 


butter sample was dried to a constant weight in an oven at 
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the temperature of boiling water. 

Fat. The fat content of butters was determined according to 
the Direct AOAC (1980) Method 16.207, where fat resulting 
from moisture analysis was extracted with petroleum ether 


(BP 35-60 and evaporated to a constant weight. 


4,5 Chemical and Physical Analyses of Milkfat 
Analyses were carried out in duplicate unless otherwise 


stated. 


475-1 Oxidative Stability by TBA Test 

The TBA method of King, 1962, was employed on 
homogenized and pasteurized milk. Milk proteins were 
precipitated with trichloroacetic acid and filtered. A 
portion of the filtrate was mixed with the TBA reagent. The 
colour was developed and the absorbancy of the solution 
measured at 532 nm. Susceptibility of milks to induced 
oxidative changes was evaluated by subjecting Cu-oxidised 
milk and milk exposed to fluorescent light (Section 4.3.1 & 


4.3,2) t© the TBA test. 


4.5.2 Oxidative Stability by Peroxide Value Determination 
The AOCS (1980) procedure (Cd 8-53) was used with the 


following precautions and modifications 
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a) The weight of the oil sample was kept as close as 
possible to 5 !0@0ce 

db) Light wast wepth toi ay minimum ins the)tesit wroom: 

camHol ain geita meliunichemdank iaitet. addition: of acetic 
acid/chloroform mixture was ten minutes and fifteen 
minutes after the addition of saturated potassium 
1odide; 

a) Ewe Iyorl tse misisteanehs indicator: iwa sivaddeds a t& the) star t,of 
the titration procedure. 

The excess iodine liberated in the reaction of the butteroil 

with saturated potassium iodide solution was titrated with 

0.01 N sodium thiosulphate. 


(S-B) (N) (1000) 


EET TORN UE INDY SY EN i I 
Weight of Oil 
where S_= Beuiration Ofmbubreroil in ml 
Be = Deere. On.Ob bp uvank <n me, 
N = Normality of sodium thiosulphate 


4.5.3 Determination of Free Fatty Acid Content 

The free fatty acid content of the milks was determined 
using the standard method for evaluation of hydrolytic 
Panevd poy OUMarthy eno Te) maemod uiieation ibeang, that athe nfat 
was weighed rather than measured. The milk fat was extracted 
with BDI Reagent (surfactant) and the free fatty acid level 
of the raw milk was measured by the Acid Degree Value (ADV) 
as determined by: 

[ml KOH(s) - ml KOH(b)](N) (100) 


Weight of milkfat 
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where ml KOH(s) 
ml KOH(b) 
N 


Titration of sample with KOH 
Titracaon Of blank with KOH 
Normality of Potassium Hydroxide (KOH) 


i} 


Thersuscept ibrbrty of mi bketo “induced “hydrolytic 
rancidity was elucidated by the determination of the ADV of 


the treated milk as prepared in Section 4.3.3. 


4.5.4 Level of Unsaturation 

The Iodine Value was used as the index of the level of 
unsaturation in butterfat. Determination of the lodine Value 
(IV) was carried out on butteroil as described in the AOCS 
Method, 1980. The butteroil was produced by filtering melted 
butter through a Whatman No. 4 filter paper at 40°C in an 
air convection oven. 

GBrS JECN) G12 269) 
IV = ------------------- 

Weight of butteroil 
Trtrepron erepiank 


Titration of sample 
Normality of sodium thiosulphate 


ip) 
(ie TLL 


4.5.5 Hardness 

Subsamples of butters produced (Section 4.2.5) were 
packed in open-ended stainless steel cylinders, 50 mm in 
diameter and 29 mm in height, prior to pentrometry 
determinations. In order to ensure proper equilibration with 
temperature, butters were stored in the chamber at 12°C for 
24 hours (Amer and Myhr, 1973). The flat disc 
penetrometer(approximately 14 mm in diameter), Minarik 


Electronic Co., Model SL 14 (Los Angeles, Cal.) was used at 
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a. onstant) temperature (12°C) in a Modu-Lab Room, Ser. No. 
138, Wabiamemchs cago Mit But tthe sor obet ofatthe penetrometer 
was adjusted to descend at a constant speed into the butter 
Sample, and the resulting force-distance plot was obtained 
on a Honeywell recorder, Electronik 19 (Philadelpha, Pa.). 
The peak force was noted and readings were converted to 
hardness values in kg/cm?. Four penetrometer readings were 


made in each cylinder and the results were averaged. 


4.5.6 Softening Point 

The softening point of butter was obtained by 
viscometry measurements carried out on a Haake Rotovisco RV3 
(Berlin, Germany) as described by Wong et al]., 1982. The 
measuring apparatus used was the NV sensor system which 1s 
comprised of a coaxial cylinder in an enclosed tempering 
container. 

Approximately 7.4 g of butter at 35°C were placed in 
the sample cup prior to programmed heating between 20°C and 
50°C. The temperature-voltage plots were recorded by a 
Linear Instruments Recorder, Model 300, Cole-Parmer, 
(Chicago, Ill.). The softening point was measured as the 
adjusted intersection of the temperature and voltage curves, 


and was reported as °C. 
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£5.7 Beoppi rg tPornt 

The dropping point of butterfat estimates the point at 
which the fat is fluid enough to flow through a specified 
aApertuce = Amnindxeat pom ofjetheimeltingicharacteristics of 
fats can therefore be obtained from this determination. 
Analyses were carried out on a Mettler FP3 Automatic 
Dropping Point apparatus (Mettler Instrument Corp., 
Princeton, N.J.), according the method of Mertens and DeMan 
(1972a). Butters were melted and filtered before filling 
prechilled sample cups. The heating rate on duplicate 


Samples was 2°C per minute. 


4.5.8 Oiling Off 

The Quantity of free fat exuded at 20°C was used to 
indicate the extent of oiling off occurring in butter 
Samples. The method employed was a modification of the 
Mortensen and Danmark (1980) procedure. A plug of butter 
with a diameter of 9 mm and a height of 15 mm was sampled 
from butters stored at 4°C for at least 24 hours. The-plug 
of butter was placed in the centre of a Whatman No. 1 type 
filter paper (9 cm in diameter) prior to placing in a 
thermostat at 20°C. The amount of fat absorbed in the filter 
paper after 4 hours was expressed in % as w/w of the initial 


Quantity of butter used. 
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4.5.9 Solid Fat content 

The solid fat content of single samples of butters was 
determined by the procedure of Mertens and DeMan (1972b). 
The instrument used was the Newport NMR analyzer, type MK1. 
The reference temperature in all cases was 60°C and the 
reference sample used was olive oil. Tempering of the 
Samples was critical. The % solid fat was determined at each 
temperature by: 

SSmatr?’ca/ SSeapabO7c 

peels at fee ee eee He ae He ee eee x 100 


RSdéetel Cn/eéRScatroo°c 


(SS and RS are sample and reference signals, respectively) 


4.6 Sensory Evaluation of Milk 

Sensory analyses of homogenized and pasteurized milk 
were conducted at the end of each feeding period to assess 
if organoleptic quality changes occurred as a result of 
feeding protected lipid feed supplement. In the threshold 
Study (Experiment 1), where a Latin Square design was used, 
the triangle test (Larmond, 1977) was employed to identify 
differences in the milk produced. The degree of difference 
(slight, moderate, much, extreme) was noted by untrained 
panelists (Appendix C). The untrained panel consisted of men 
and women between the ages of 20 and 50, randomly selected 
from staff and student members of the Department of Food 
Science, University of Alberta. The same panel was used 


throughout the study with the numbers of panelists available 
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varying somewhat. 

All sensory evaluations took place in individual 
tasting booths, which were illuminated with incandescent 
light. Morning sessions (10:00 - 12:00 am) were used since 
they were found to be most convenient. 

Milk was equilibrated to room temperature for 
approximately two hours before serving in 30 ml polyethelene 
cups to panelists. Test samples were identified by 
three-digit random numbers and the participants were 
instructed as to the order in which the milk were to be 
tasted. Tap water was provided for mouth rinsing. 

Triangle tests were also conducted to determine whether 
the feeding of stored, oxidized "Protec" would be detected 
as off-flavours in the milk, and to detect differences in 
milk flavour when diets containing "Protec" were fed to 
commercial dairy herds. The conditions previously described 
were implemented. 

In addition, a semi-trained panel consisting of 1-2 
students and a "coach" of the University of Alberta dairy 
judging team, (all of whom had previous judging experience 
imethve. cemit tea bcéevaluadtion ‘Cfildarry. products), ‘examined the 
milk inieafternoon sessions #°Off>flavours, ii “present? were 
idemthiied as “Slight; otdefrnite™, vand *pronounced™ 
according to the American Dairy Science Association (ADSA) 
milk score cards. Samples of milk stored in amber glass 


bottles at 4°C for 10 days were evaluated similarly. 
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4.7 Sensory Evaluation of Butter 

Differences imitherquality of butters produced asia 
consequence of feeding "Protec" were corroborated by sensory 
evaluation. 

Butters made in the threshold study were evaluated 
according to the Triangle Test (Larmond, 1977), panelists 
and conditions being as described in Section 4.6.1. 

bnutiradiby, sa small portion of butter was placed ‘on 
unsalted crackers and served to 18-24 untrained panelists. A 
knife was provided. In subsequent trials, butter was placed 
in 30 ml polyethylene containers in order to eliminate the 
flavour of the crackers. The type of difference 
(spreadability, taste, both) was recorded on score sheets 
(Appendix D). 

The triangle test was also employed to note if changes 
in butter quality occurred when stored "Protec" was fed to 
the dairy cows. However, in order to compare flavour 
differences only, inconsistencies with respect to butter 
softness were removed by whipping each sample for 5 minutes 
in a Kitchen Aid mixer. Whipped butters were evaluated using 
the Signal Detection Test (Mahoney, et a]., 1979). 

One reference butter and three test butters were 
offered in 30 ml polyethelene cups with a spoon. The 
participants were required to indicate whether the test 
samples were the same or different from the reference 
sample. The degree of surety was recorded (Appendix §&), and 


the probability of the panelists to correctly characterize 
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Samples was calculated. 

Butters produced from milk obtained from commercial 
dairy herds were evaluated for flavour differences by the 
Signal Detection Test as described above. One reference 
butter and two test butters were presented to untrained 
panelists for assessment. 

The experienced panel previously used to test milk, 
also evaluated all unwhipped butters using ADSA butter score 


cards. 


4.8 Grading of Butter 

Butters from the threshold experiment (Expt. 1) and 
butters resulting when stored "Protec" was incorporated in 
the diets of lactating dairy cows were examined and graded 
in the standard manner by six Federal Butter Graders. 

At the end of a routine examination of commercial dairy 
products, individual butters were presented to the Graders 
for assessment. Testers were seated at a large table located 
in a room lit with fluorescent light. Representative samples 
of butters were placed on paper plates identified with 
three-digit random numbers. Butter grades were recorded with 


additional comments. 
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>. (RESULTS AND DISCUSSION 


5.1 Experiment I: Effects of feeding graded levels of 
"Protec" on the quality of milk and butter 

The purpose of this study was to determine whether a 
threshold level existed at which changes in milk and butter 
quality could be detected by chemical, physical and sensory 
tests. This was achieved by implementing a double 4x4 Latin 
Square design where eight lactating dairy cows were fed 


Varlrous airets. for three weeks in-each trial (Section 3.1). 


5.1.1 Effect of feeding "Protec" on feed consumption, milk 
yield and milk composition of lactating dairy cows 

The test concentrates were isonitrogenous (Table 5.1) 
aS indicated by crude protein content of 14% dry basis. The 
amount of crude fat increased gradually from 2.88% at the 0% 
level of "Protec" supplementation, to 6.04% at the 9% level 
of supplementation, but only small differences were 
evidenced in gross energy, which rose from 3.5 kcal/g to 
3.7 kcal/g-as the level of "Protec" incorporation increased. 
Feed consumption patterns were not affected by feeding 
graded level (0,3,6 and 9%) of "Protec" to Holstein dairy 
cows (p>0.05; Table 5.2). No significant differences 
(p>0.05) were observed in milk yields, butterfat and protein 
yields of the pooled milks over the four periods, when 0, 3, 


6, & 9% "Protec" was incorporated in the diets of dairy cows 
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Table 5.]. Expt I: Composition of Concentrate (Dry Basis) 


TP EOwe cS 
8 4 oe Ss eS 
O 3 6 9 
Crude protein (3 N x Ce25) 14.06 13.280 4.23 Lon? 
Ether extract (%) 2.88 3.81 ais 6.04 
Gross energy (kcal/g) 350 3,58 3.65 B73 
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iTable 522). Although fat corrected milk 4FGM) ayields 
increased slightly from 19.0 kg/day when 0% "Protec" was 
fed, to 19.9 kg/day with the 9% “Protec" diet, the increase 
Mas NOt Significant (p>0705; Table 5.2 ). 

The large variation that existed among cows is apparent 
when examining milk yields and butterfat levels of 
mndividual cows Table 5.3). The trend for individual cows 
appeared to be a slight decrease in the milk yield with 
increasing levels of the "Protec" and a corresponding 
decrease in the butterfat content. This pattern was not 
apparent when pooled milks from cows on the same diet were 
analyzed, probably due to large standard deviations and 


coefficients of variation among individual cows(Table 5.3). 


Bolo 2 Britect of "Protec" on the composition of miakk and 
butter used in quality studies 

Milk. The composition of milk pooled from cows fed the 
Same diet was not affected by the level of "Protec" in the 
@tets Similar levels of butterfat,, protein, lactose, total 
Solies, anda solids-nonrfat occurred in all milks (p-0.05; 
Table 5.4). 
Butter Moisture and fat contents were generally similar 
(Table 5.4). However, butter from cows fed 6% "Protec" 
contained slightly more moisture than the other samples 
(p>0.05). All the butters (except one) passed the 
requirements of the Canadian Food and Drugs Act (1982) by 


containing at least 80% fat. 
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5.1.3 Sensory characteristacs of milk 

All milks were judged to be of acceptable quality and 
tree from itevour defects Betorercand afteri a ten day storage 
period atgeC, 

After each feeding trial, the untrained panel was asked 
to distinguish between milk from cow fed the control (0% 
*"Protec™).-diet ant ithe! milk from cows fed each of the 
"Protec”™ -Containing dvets. At thes 3% level! of 
Supplementation, panelists were not able to distinguish any 
flavour differences (Table 5.5) when compared with control 
milk (0% "Protec"). When presented with milks obtained at 
the 0% and 6% level of "Protec", panelists were able to 
Haentity So dviterence in miik flavour wnvenlygone trial out 
of four. At the 9% level of "Protec" in the diet, panelists 
distinguished a flavour difference in milks two out of four 
trvals. The probabilities of correctly identifying the odd 
sample by chance were determined according to Roessler 
et al., (1978), and analyzed as for a one-tailed test (Table 
5.5). Difference between the comparison means for 3% and 9% 
"Protec” was significant (p<0.05),and the probability of 
correctly identifying the odd sample increased as the level 
of "Protec" increased. No objectionable flavours were noted. 
Possible factors such as the incorporation of canola-based 
PLFS in diets, milk handling procedures and the normal 
biological variation among cows may have contributed to the 


esliaqnt flavour differences noted: 
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5.1.4 Susceptibility of raw milk to induced hydrolytic 
rancidity 

The susceptibility of milks to induced rancidity has 
been illustrated in Fig. 5.1. It 18S evident that the initial 
ADV's were not affected by the level of "Protec" 
Supplementation (p>0.05). However, ADV's for all milks 
increased several-fold after whipping and 15, 30 and 60 min 
incubator et 37 C..sRaw wmibtk.chad..an ADV of 5.3 when 0% PLFS 
milk was incubated for 15 min, but higher levels of 
Supplementation of "Protec" resulted in smaller increases in 
ADV Ss. At 38 or GO min incubation time, the increase in free 
fatty acid content of the milks was less pronounced with 
increased levels of PLFS in the diet (Appendix F). This 
Suggests a baaha Tener Une of the susceptibility of milks to 
hyedrolytic=rancrcrty “atthe higher levels of "Protec" 


incorporation. 


5.1.5 Susceptibility of milk to induced oxidative changes 

"Protec" did not appear to affect the susceptibility of 
freshly homogenized and pasteurized milk to oxidative 
fencidicy (pr0.05, Table S,6)5 The addition of |) pomscu to 
milk uniformly increased the TBA values. However, there was 
no significant difference between the TBA values of 
Cu-treated milks with various levels of PLFS 
supplementation. Fluorescent light treatment of milks for 3 
and 5 days respectively, resulted in the development of 


slight off-flavours as detected by experienced dairy 
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Table 5.6 Susceptibility of milks to oxidative rancidity 


Sample/Treatment 0 
Initial 0.026 
Copper treatment 0.047 


Fluorescent light: 
3 days O02 i 


5 days 0.022 


% Protec 

3 6 
Ses gay 
0,022 ° 0.022 
0.049 0.056 
0 .Gi2-——0+023 
020d 4) 0.072 


se ee me we eee 


0.018 
0.018 


] 


ye 


0.000 


0.003 


0.002 
0.004 
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0.02 
-0.06 


‘Means within the same row followed by the same or no superscript are 


not significantly different (p>0.05). 
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82 
tasters. TBA values were low with no consistent pattern. 


Us eo BErect of) "Protec “on, butter fcharacteristics 
Variation in absolute data for butter characteristics 
were often the result of animal and period differences 
(Appendix G). Consequently, data concerning the effect of 
“Protec” on the bitter icharmacteristics of the individual 


pairs of cows have been included in this section. 


5.1.6.1 Sensory Characteristics of butter 

Only one triangle test was carried out on butter as a 
preliminary test in preparation for sensory analysis of 
butter in Experiment I1. | 

When presented with samples in a triangle test, the 
untrained panel was able to detect a slight difference in 
butter softness at the 6% level of "Protec" supplementation 
(Table 5.7). The probability of panelists making the correct 
decision based on chance was shown to be lowest for the 0% 
vs 6% PLFS butters, followed by the 0 vs 9% PLFS and the 0% 
vs 3% PLFS butters. 

All butters were judged by trained dairy tasters to be 
of acceptable quality before and after 28 days of storage at 
ag ee 

Butter graders awarded a grade of 39 out of the 


customary 41 points for each of the fresh butter samples. 
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Table 5.08 Ettect of “Pretec on butters obtained from milks of 


individual pairs of cows 


Butter 
Characteristic Pair 0 3 6 9 
Peroxide value ] OFPSS" PeceO 00) e007, Sieg bebe 
(meq/kqg) 2 0.069 Ost99e 2 OSUG7 a 0 W00Y 
3 2.02007 0.086 0.200. < 02007 
4 2K) 007-9850 ..007 0.078 0.198 
Oiling-off ] 2.1) 382 2.5 cae 
(w/w %) 2 eS Wess - ed 
3 Cae rapa res) eo 
4 0.9 peo 128 1.9 
Mean re 2.3) 2.4 2.0 
SD 0.50 0.67 0.45 OAs 
Coefficient of variation 29 29 19 OD 
Bute, to 47 wien Dh Oe ws” We RRR Sek) oa Verena 
Softening point ] Cirat B23 5146 Ca 
Ao 2 30.8 VA ec Pay) URAL rs 
3 34"3 31.9 32,0 31.4 
4 Coy, 34.5 3370 32.9 
Mean C207 32.8 Boe aan 
SD liz 1.0 0.8 0.6 
Coefficient of variation 3.7 2.0 aes 123 
(%) 
Dropping point ] 33.00 erie) Cee eRe 
(°C) 2 33.6 228g Ua cad 
3 3060 3350 - 32.4 
4 34...3 34.0 34.0 - 
Mean 33...9 Saree 31.9 32.4 
SD Oey 055 5 2 


Coefficient of variation 0.6 135 AF Highs 


‘a ronide value of €0.50 meq/kg is considered of acceptable quality 


(Buchanan and Rogers, 1973) 
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Sv iseee Oxidative stabririyv or butters 

Peroxide values for the fresh butters were consistently 
low (Table 5.8). In all cases values were less than 0.50 
meq/kg, a value which has been reported to represent 
Significant oxidation occurring in butter after prolonged 


storage (Buchanan and Rogers, 1973). 


5.1.6.3 Level of unsaturation of butters 

The level of unsaturation as determined by the iodine 
value (IV) increased in all cases at the 9% level of 
"Protec" supplementation over the control (0%) level (Fig. 
5.2). For pair 1, a linear increase was observed between the 
amount of "Protec" fed and the iodine value of the resulting 
butters. The iodine values ranged from 40 for the control 
butter, to 47 when 9% "Protec" was fed. Smaller increases 
were noted in the case of the second pair, where the initial 
1odine value of 43 decreased slightly at the 3% level of 
Supplementation, then increased at the 9% level to an IV of 
45. Pair 3 had a similar pattern, however the initial IV 
(47) was higher than that of the other pairs. A fair 
increase in the iodine value was noted for pair 4, where the 
initial IV of 39 increased to 46 at the 9% level of 
Supplementation. A small decrease occurred at the 6% level, 
however this value (40) was still slightly higher than the 
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Fig. 5.2 Effect of "Protec" on the level of unsaturation of butters 
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Although fluctuations occurred in the level of 
unsaturation due to individual cow differences, there was a 
Significant correlation (p<0.05) between the level of 
"Protec" in the diets and the degree of unsaturation, as 


indicated in a Pearson's Correlation analysis (Table 5.9). 


5.1.6.4 Hardness of butter 

Penetrometry studies were carried out to determine the 
effect of "Protec" in the diets of cows on the hardness of 
resulting butters. An excellent correlation (p<0.01) was 
observed between the iodine values and the hardness of the 
butters obtained (Table 5.9). 

The general trend was a decrease in hardness with 
increased levels of supplementation (Fig. 5.3). In the case 
Of ipait, 1, butter hardness decreased from 2.07 to 0.75 
kg/cm? as the level of "Protec" increased from 0 to 9%. 
Butters obtained from pair 2 were slightly harder at the 3% 
level of supplementation than at the 0% level, however, 
butters from the 6 and 9% diets became progressively softer. 
Butter hardness was substantially lower for pair 3 cows than 
for other pairs of cows fed the various diets. Penetrometry 
measurements for pair 3 decreased to 0.45 kg/cm? at the 6% 
level and increased slightly when 9% "Protec" was fed. 
Butter from pair 4 cows decreased in hardness when "Protec" 
incorporation rose from 0 to 6%, then increased slightly 


when 9% "Protec"was fed. 
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Despite differences between pairs of cows, a 
correlation analysis illustrated that there was a 
Significant correlation between the level of "Protec" in the 
dietstandithe résulting hardness of the butters (p = 0.0173, 


TabbeesT9) x 


Sato. 5S Opling=obt of butter 

AS Swoumlin- Table SkoPethevamount Of oiling-off (w/w%) 
of butters generally increased to the 6% level, after which 
there was a slight decline. In most cases however, the 
amount of free oil at 9% supplementation was greater than at 
SHetey i Veved. Control butters: (0% “Protec trom pairs’ 1, 2, 
and 3 displayed similar oiling-off patterns, while that of 


pair 4 was substantially lower. 


5.1.6.6 Softening point of butter 

Although some trends in the softening point (SP) of 
butters were observed, statistical analysis of the data 
indicated that there was no significant correlation between 
"Protec" level and the Sottening point (rable 5.8). In the 
case of pair 1, the SP decreased progressively to the 6% 
level of "Protec" supplementation, then increased at the 9% 
level. The softening point of butter obtained from pair 2 
increased from 30.8°C to: 32.3°C as the amount of Protec” in 
the daet increased: from © to 3%, then decreased to 314.0°C at 
the 6% level followed by a slight increase at the 9% level. 
Por pair’ 3 a higher SP was’ ocoserved at. 0% “Protec” as 


compared with other butters from the same diet. A depression 
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in SP was noted at the 3% "Protec" level followed by an 
increase, while the SP at 9% was lowest for this pair of 
cows. The softening point of butter obtained from pair 4 was 
Sievaredrinomes2.7°C at the 0% level to 34.5°C at 3% 
Prroceo"; atter which ae eaecreased to 33.0°C and 32.9°C at 


the 6 and 9% "Protec" levels respectively. 


5. 1,6Ah Dropping inoint hoff rbutter 

The dropping point of butters correlated well 
(p = 0.014) with softening points recorded (Table 5.9). 
However, although no correlation was observed between the 
softening point of butters and "Protec" supplementation, a 
Significant correlation was recorded between the dropping 
point and the level of "Protec" in the diets. The reduced 
number of samples analyzed for dropping point (14 vs 16 for 
softening point) could possibly account for the increased 
level of significance noted between the dropping point and 
"Protec" supplementation. In general) the dropping point 
decreased linearly with increase in "Protec" supplementation 
(Table 5.8). Only small variations were observed in the 
butters from pairs of cows fed each of the four diets. 

The dropping point of butters from pair 1 decreased to 
Shatierab fthecés bevels sand tacteaséed atvthe 9ielevel to 
33.3°C. At 9% the dropping point was however slightly less 
than thataaticd% «"Protec™: Avsimilar pattern occtirred ‘with 
butters obtained from pair 2. In the case of butters from 


paimese cthe dropping point sdecreased from 33.8°C <at,0% 


Te 


Ss se .; oni 
as yd Sowelfod Tee oe: 


i a e ik 
i" - . S 
io aie abad eg ee te ee 


Le, 3 ’ 50 
epw & 246q O71? Ren iesie GeRiee te: s0toq: pei 
. | eon. 

ff ta 2°28 oF Baeel dt ed? ae Oy — 


4 


5°89 t¢ bas D°OTEO of Setnet2e5 i dotdw 


fe 
yi aici aia hich ened Be 
Meigs b6 


2 chi 
saagard Io dInfeg: qoud .%., 


. ° 7 
> » 
7] 


[iow Se2sler7oo @98Sfad) toveoglies eat nit : 


[deT) bsbrooet 2enhing eainatios. tsiw (pie 


pat oS 


l9 Noewted bevigedo aes nolssieato> on Apuedsia as 
sl2que “oste7$” bos etedtud fo Jaleg ena 
neo) edt. peeved Ssbyecss caw octaaisives Greg 73 

‘bet off . 3815 ode ei "seansS” 36 faved ad3 S06 ad 

iot AT av- $f) 4ahiea: eniggeth: 16) Sesglanm eeiquee io e 
erzestoni eit sot snucoosa gidieecq Bbliges featoq: pis 


‘as Jniog pataqgotb.ods Assw2se So70n spnes FY impie. tov! vs 
2 om Y= i” 

* - « Pet 

infog oreqqoip ee? «4a rene ws sok 2eanemeiqgen soe 

} eae 

ieneiqque “seteva? ato esse 7on¢ isin (toment! a 


sit of Gevbeeds enew etotrsixzsy, ieee loi 48. a4 
22616 wed sdf de does bei 2evao te arieg Be3) 


bevasineb | whey moot atesiud 26 1ieg pe 
ns level £8 et@-ca beeeezzni Bre stave 28 add 36 S 
ee Fier 
Ltrigife tevewod ane salog oalon od? ¥ Aa 


_ cre Oe a 
igiv Be :3Ip220 “ee relive Kata orale 0: 4 bial 


Pa 


| 


: 


- 
- 
sa 
Ae 
ae 
J 


mo2i 2as9dtud te séep S09 of FS vim 


40 20. 9° SEE mies borsnszal | 


92 


UPoorec €6 32.80 at OU, “Protec”. The dropping pornt of 
butvers trom pair 4 was @aurvly constante,,.(34.3°C at 0% 
PProvec” 10234. 0°C at the 6% level of "Protec" 


Supplementation). 


a2 l.6.8 Solid fat content of butters at different 
temperatures 

AS anticipated, the percentage of solid fat in each of 
the experimental butters decreased with increase in 
temperature (Table. 5.10). Butters from cows fed "Protec" 
tended to contain less solid fat at each temperature than 
butter from cows not fed "Protec". However, this trend was 
linear only at 25°C (Appendix G, p<0.05). Pair 4 cows 
produced butter of slightly higher solid fat content than 
the other cows even when no "Protec" was incorporated in the 
diets. With 3% and 6% "Protec", the general trend was a 
decrease in the proportion of solid fat, although at 6% this 
parameter was slightly higher than that at 3%. A 
complementary pattern was observed with the IV of pair 4, 
where the solid fat content increased with "Protec" 
Supplementation, but decreased slightly at the 6% level. 

For the other pairs of sows. (1, 2,73) the*solid fac 
content of butters appeared to be the lowest when fed diets 
containing 6% "Protec”E 

A Pearson's Correlation analysis (Table 5.9) indicated 
thet the solid fat content of butters at 25 °C was related 


to several other parameters. Similar correlations were also 


ry 
— 


1D II0Q oatgqenty ees 
16 D°EL REI .oneaan 


* 393090" 


4 
- 
" _ = 
- 
~ 
J 4 
’ 
~ 
‘ 
] 
4 ‘ 
os a 
* 
* 
* 
~ — 


ve 2 
Lyi a2: 
a J . . 4 7 

wei Fo ate gag 

i} i 7 


fete sco . betage mii | 


401.2 olden) exis % 


s 
— 
= ie te 


a 
@ 
, 


ein a _ ; i : 


de tng3n0d, 


_ 


>. 
Fi _ 


re 
i 4 
ist 


bgt eae Said | aceammeda: 


wegah 0°83. oe haaes 


- _ 


noi s1egnag ots nl 2683 
vinid yisdeiie NE 
io’ am pnO es: art 
fne3n0S Sat nicer Ao 


ae 
ie 


ssayoek gud i noha 


Tapre sett Solid Fat Content of Butters 


Characteristic Pair 


Solid fat (%) o°c i 


Mean 


SD 


Coetficient of variation 
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Coefficient of variation 
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Table 5.10 (Continued) 


Characteristic Pair O 
Ss" i 25 lS 
2 2414 
3 23.243 
4 205 
Mean 25.37 
SD ZOD 
Coefticient of variation ($) 8.08 
20°C if 17.49 
Z 16.64 
3 £5500 
4 ZOf1O 
Mean ee! 
SD 1.84 
Coefficient of variation ($%) 10.63 
25°C i 13.39 
wi 12.48 
3 2148 
4 LGez? 
Mean 43.39 
SD Es. 8, 


Coefficient of variation ($%) ie od 
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noted at other temperatures. For example, the iodine value 
correlated with themsolid fat ‘content of butters at 0/5, 
and 25°C, indicating that the level of unsaturation dictated 
the amount of solid fat present at these temperatures. There 
was a definite correlation between the solid fat content at 
Oe Seto: eek <259C tandiithe tharsness of cthesei ibuttermstat MWA, 
thus suggesting that the nature of glycerides in the milk 
fat influences the hardness of butter. Also, a positive 
correlation was noted between the solid fat contents of 
butters at the higher temperatures (15, 20, 25°C) and the 
tendency for oiling to occur.) The amplications of thisican 
be readily appreciated since oiling off is known to occur 
more readily at temperatures above 10°C particularly when 
polyunsaturated fatty acids are present (Kieseker and 
Eustace, 1975). 

There was an excellent correlation between the solid 
ferrcontent lat dallflectenbersa tures: 0034 51) e110), stSyo 209025 °%C) tand 
the dropping point of the butters prepared, although this 
relationship was not apparent between the solid fat and the 
softening points. Again, the difference in the number of 
Samples tested, or the slightly larger margin of error for 
softening point determination, could account for this 


discrepancy. 
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Sohe7 Dustussion 

The feed consumption pattern of Holstein dairy cows 
involved in this study was consistent with the results of 
previous experiments carried out using different oilseeds 
(Barbano and Sherbon, 1980; Grieve, 1976). This implies that 
no adverse effects with respect to feed intake result when 
upetor I,vcanola>basedA’ Protec"! was incorporatediinto diets. 
Replacement of part of the basal ration with "Protec" 
resulted in isonitrogenous diets of slightly increased 
energy content. This trend 1s consistent with that reported 
byeBonescetyal oc (1978)+ Smibhtetvel ven (1978) tandlPalimauist 
and Jenkins, (1980), for low levels of protected lipid 
Supplementation. 

No significant changes occurred in milk yield and 
composition when varying levels of "Protec" were fed. 
Several studies have reported that milk yield was not 
Significantly affected by protected lipid supplement in the 
diet (Pan et a]., 1972; Plowman et a/]., 1972; Goering 
eresrace 1977- Pande Smithier ahi id 978). oO8ncteherotherniand; it 
has been consistently demonstrated that the butterfat levels 
of milk resulting from PLFS incorporation are increased 
(Stott, defeated 18708 1Scoet” andtCosken 1273+ Goering einabe, 
19 7a+ 

The absence of such a response in this study may be due 
kOfonei or morecfactorss Theleftfectiof?pelletization:ofrthe 
feed may have decreased the level of protection somewhat 


(Pigher ,cas75; Scott, at97S)q)hencevthes freeefatsresuiting 
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could contribute to depression of intramammary synthesis of 
Decuyeectas 10SCot Gpodogo AStorry &)Brumby, 1979). The fact 
that the initial feeding regime of the cows (prior to being 
placed on test diets) entailed offering a rolled ration, 
could also account for the absence of an increase in the fat 
content, aS an adjustment period of varying times may be 
needed (Parr, 1982). Also, diet manipulations due to 
previous experimental treatments may have affected the 
"adaptability" of the cows. Finally, since test animals 
involved were at various lactation periods (See Appendix A), 
the capacity for utilizing optimum genetic potential for 
milk production may have been reduced. 

Most of the responses observed in this study, (eg. 
butter softening, level of unsaturation, fatty acid 
analyses) are typical of feeding PLFS. 

Results of sensory analyses of milk suggest that there 
may be ‘slight flavour: differences im milks sat the 6 and 9% 
level of supplementation. However, in addition to the 
presence of "Protec", milk collection procedures, and 
perhaps stage of lactation, could also be possible reasons 
for flavour differences. Thus firm conclusions regarding the 
effect of graded levels of “Protec” on milk flavour ‘can be 
tentative at best. 

Sensory tests on butter indicate that there is a slight 
softening teffect at ithe 6% Lbevelwf y"Protec’. A simi lar 
trend has been documented by several researchers, when 


butters containing high levels of unsaturated fatty acids 
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were produced by various techniques (Alsafar, 1974; Kieseker 
ereuStace, “1975 eWoed ChRalpiw1975s). 

ADV's of "whipped" milks indicated the onset of 
rancidity and were typical of activated milks (Thomas 
SpGatt 8195S 7ehitchen © Aston, 1970). Milks were shown to. be 
Slightly less susceptible to induced hydrolytic rancidity at 
the 6% and 9% levels of "Protec" in the diets. A similar 
trend was reported by Astrup (1980), when it was shown that 
rancid flavour was inhibited in milks obtained when 
protected canola oil was fed. 

Initial TBA values of milks were typical of '‘fresh' 
homogenized and pasteurized milk (King, 1962). There 
appeared to be no significant difference in the 
susceptibility of milks to copper-induced oxidation. This is 
contrary to previous reported studies in which high levels 
of supplementation of safflower oil were used and it was 
found that resulting milks tended to have a slight oxidized 
flavour Edmondson, et al 21974. Goering et a]., 1976). This 
discrepancy could be due to a reduced effect at lower levels 
of "Protec", and/or improved oxidative stability obtained 
when protected oilseeds rather than oils are fed (Haase, 
199 FO ISL AReGat Pion) thedirbierence in® fhe fatty acid 
eompoettionCofecanola’ oil’ (high in C18+1) “and: safflower 011 
(high in C18:2), may account for results obtained in this 
workenhinethestiluorescent light study, ‘the’ milks did not 
become oxidized as shown by TBA values, even after 5 days 


illumination. Air has been shown to be required for 
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eimoepbavouns ((iipediexidattoenyeto occur inumiphbke (Gregory 
et al., 1972). Hence, the absence of a response could 
probably be explained by the fact that flasks used were 
sealed with Saran Wrap, thus limiting the air available to 
the milk system. 

The oxidative stability of butters was good, peroxide 
values being typical of fresh butters (Buchanan & Rogers, 
-1973). Due to the minimal amounts of hydroperoxides present 
in some butters, difficulty was experienced in the end-point 
determination of the reaction (Gray, 1978). Although there 
were some variations in the peroxide values, supplementation 
wrehOrerotec” had no obvious effect. 

One of the major effects of "Protec" supplementation is 
the increase in C18:2 levels (Kreula & Norlund, 1974: Wood 
6t a/i.,' 1975; Barbanoc&eSherbon, 1980) .Thisseffectrwascaiso 
displayed in this study, using low levels of "Protec" 
Supplementation. As illustrated by fatty acid analyses 
(Sporns et a]., unpublished data; Jelen et al]., 1982), the 
fatty acid composition of milk fat obtained with the 6% and 
9% diets was significantly different from that of the 
eontrolvand 3% “Protec”: diets.siIn general, an increase’ in 
the C18 fatty acids occurred at the expense of those with 
the lower molecular weight chains. This pattern has also 
been noted by Goering et al]. (1976), Astrup et a]. (1979), 
Barbano and Sherbon (1980), and is consistent with the 
levels of unsaturation noted. Feeding ground canola seeds to 


lactating Holsteins resulted in similar trends in fatty acid 
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composition (Kennelly and Fenton, 1982), suggesting either 
that the "Protec" used in this experiment was not fully 
protected / Yorethal theseanolansecd itself exhibits a@matural 
BpeOueEcHeror” j 

In all cases, there was an increase in iodine value 
when 6% and 9% "Protec" was fed, suggesting an increase in 
unsaturation. The general trend for hardness of butters to 
decrease with supplementation 1S consistent with the 
concurrent increase in unsaturation. More noticeable 
decreases in butter hardness appeared at the 6% level of 
"Protec" in the diets, afterwhich the decrease was less 
pronounced. 

Oiling off of butters tended to increase with increase 
in supplementation. AS appropriately hypothesized by Wood 
etcal+e¢i975), “ae 20°C and with fairly high concentrations 
6filinoleie acid, there is* insufficient surface area of fat 
crystals to retain the higher proportion of liquid fat in 
the butter, hence the occurrence of oiling off. It should be 
noted here that the high standard deviation among triplicate 
Samples was due to the high potential error in this 
determination (Mortensen and Danmark, 1980). The slight 
decrease in oiling-off which occurred at the 9% level of 
supplementation (with respect to the 6% level) was 
consistent with other data reported (eg. dropping point and 
solid fat data). The oiling-off tendency observed for the 
more "unsaturated butters" is in accordance with data 


reported by Eustace, (1975); Alsafar, (1974), and is due to 
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the proportion of liquid fat present. 

Dropping point and softening point data which 
essentially both provide an indication of the melting 
characteristics of butter, were in the normal range as 
reported by Parodi & Dunstan, (1971). Dropping point (DP) 
results more clearly illustrated that there was a decrease 
to the 6% level, afterwhich (i.e at 9%) there was a slight 
increase. However, the DP at 9% was still lower than that at 
0% "Protec". The general decrease in the dropping and 
softening point with increased supplementation was in 
accordance with the increase in unsaturation, and has been 
previously reported (Buchanan and Rogers, 1973). 

These results were complemented by the solid fat data 
at the different temperatures. Again, the general trend was 
a decrease in the solid fat content to the 6% level, with a 
small increase at the 9% level of "Protec" in the diet. The 
unexpected increase in the dropping point and percent solid 
fat at 9% supplementation could be accounted for if there 
was a changed pattern in the concentration of high molecular 


weight glycerides at this level of "Protec" incorporation. 
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SD eeuxperiment {) ==eStorage stability of “Protec” “and, the 
effect of feeding "Stored Protec" on milk and butter quality 
The susceptibility of the canola-based "Protec™ itself 
to oxidative changes during controlled storage was 
determined prior to feeding 6% of the oxidized feed in this 


experiment. 


See. | Susceptibility of “Protec” £9 oxidative: changes during 
storage 

The extent of oxidation as depicted by peroxide values 
was the greatest for "Protec" that had been stored at 40°C 
and exposed to air (Table 5.11). The peroxide value of the 
frozen control “Protec” remained low (1,5 "to 7.6 meg/kg} 
throughout the twelve week storage period, while samples 
stored under other conditions (4°C, room temperature, and 


40°C) displayed a rise in peroxide value with time. 


5.2.2 Effect of “Stored Protec” on feed consumption, milk 
yield , milk composition and quality of milk and butter 

Since results of Experiment I suggest 6% as a possible 
threshold level for addition of “Protec” to diets, this 
level was used to investigate the effects of feeding the 
stored product to lactating dairy cows in the second 


experiment. 
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Table Sith .Stovage Stability of “Protec" 


Storage titre (months) 


a 2 3 
SstOrage conditions == = 9 © <--=--- Peroxide value (meq/kg) ! Seo oe 

Frozen (-25°C) ess eat es 297 
Refrigerated (4°C) - 4.46 8207 
Held at room temperature 2.89 6.02 O47 
Incubated (40°C) 

~ closed container - - Loo 

- open container - LP I25 22565 


Irnitial peroxide value = 1.40 meaq/kg. 
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5.2.2.1 Feed Consumption 

There was no significant difference in feed intake when 
avers containing no "Protec", 6% fresh "Protec", and 6% 
"Stored Protec", were offered to lactating dairy cows ina 
random block design (p>0.05, Table 5.12). Intakes of hay 
increased Slightly with diets containing "Protec", however, 
the standard deviations were quite high, probably due to 
variation in consumption of cows on the same diet. A similar 
trend was noted for grain intake, where it ranged from 10.7 
kKoyday |for- diet “Coftaining no "Protec" tol 2 tkgyday for 


Biet contarmming” Geo "Stored Proteé". 


5.2.2.2 Milk yield and composition 

Cows being fed diets containing no "Protec" and 6% 
"Protec" produced similar amounts of milk during 
experimental trial (Table 5.12). Although milk yield and FCM 
yield resulting from 6% "Stored Protec" appeared slightly 
higher, these differences were not significant kp>0 205) 3 
Similarly, diet had no apparent effect on level of 
butterfat) protein, Jectose, total solids.and solids-non-fat 
of milk collected from individual cows (Table 5.12) or of 
the milk composited from cows fed the same diet (Table 
5.13). There was no significant difference between butterfat 
content as determined by the Milkoscan Infra-Red method and 
the Mojonnier method (p>0.05). Differences in butterfat 
content were small and not significant (p>0.05). The protein 


content was similar for all milks, although there was a 
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Table 5.13 Bifece of Presh and Stoxed 


“Protec” on the 


Composition of Milk and Butter Used for Quality 


Studies 


Milk 


Butterfat - Milkoscan 


- Mojonnier 
Protein 
Lactose 
Total Solrds 
Solids-non-fat 
Butter 
Moisture (%) 


Pat %) 


Without 
Protec 


PYOtCEC 
Fresh stored 
2n2 Bio? 
CESS 2245 
3.48 See 
4.93 4.8§& 
be oS Bit eee eS 
cee ra 8.94 
1839 13:0 
16.6 Roe y 
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Slight decrease in this component when 6% "Stored Protec" 
was fed, compared to when 6% fresh "Protec" was fed 
(p>0.05). The lactose content of all milks concerned were 
the same (4.9%). Differences occurring in the total solids 
and in the solids-non-fat content were not statistically 
Svoniticant (p>0.05). The moisture-.and fat content of the 
respective butters produced from the milks were also similar 


oe.05)) . 


5.2.2.3 Sensory evaluation of milk and butter 

Homogenized and pasteurized milks were found to be of 
acceptable quality before and after controlled storage at 
4°C. Untrained panelists were unable to distinguish between 
the milks produced from cows fed either of the "Protec" 
gietss (o>o. 05, Table 5.14). Only tenypanelists (out woof 
thirty) identified the correct sample when presented with 
milkks~obtained from 0%-vs 6% fresh "Protec", and 0% vs 6% 
"Stored Protec", whereas only 9 (out of thirty) were able to 
distinguish between milk obtained from 6% fresh vs that from 
6% "Stored Protec". Probability values indicate that 
statistically, the panels were unable to distinguish between 
milks when 6% fresh "Protec" and 6% “Stored Protec" was fed. 

The same sensory panel was able to distinguish between 
butter from cows fed "Protec" and butter from cows not fed 
"Protec" (p<0.05, Table 5.15). Also, panelists were able to 
distinguish between butters from cows fed 6% fresh "Protec" 


and 6% "Stored Protec". In most cases, the spreadability was 
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Table .5..J4, Expt. Pi:. .Panélists,correctly, identifying odd milk 


sample in triangle test and probability levels of 


Significance 
Panelists correctly 
Comparison identifying odd sample Probability 
O= vs "6% “Presh Protec" 10/30 OL S65 
Cvs "Ot “stored "Protec" 10/30 O..568 


Fresh vs stored "Protec" 9/30 ODL 
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recorded as the parameter contributing to the difference 
observed. When these butters were whipped, the panel could 
not distinguish between the flavour of butters for 0 vs 6% 
rreshn “Protec” and 6% Mresh "Pretec" vs 6% “Stored Protec” 
(p=0 50, andv0. S55 tesos,| Table 5.46), andicating that there 
was no real difference in the flavour of the butters made. 

All butters prepared were judged by Federal Butter 
Graders £0 be ol acceptable Quality. A. score of 39 points 
out of a total of 41 was awarded to each of these 


experimental butters. 


Bo2.2.4 Susceptibility of raw milk to anduced hydrolytic 
rancragity 

There was a slight increase in the Acid Degree Values 
of the initial raw milks when either fresh or stored 
"Protec" wasmied|to dainy cows, (Table S.17). Milk resulting 
from 6% “Stored Protec” had an ADV (1.25) similar to that 
resulting from 6% fresh “Protec” 1.39). Although ADV"''s-of 
whipped and incubated milks increased several-fold over 
umitial values, onlyésmall differences occurred between the 
ADV's of these raw milks at 30 min. incubation when 0% 
"Protec. 6% fresh “Protec” @ and io, “Stored Protec” were 


fed. 


5.2.2.5 Susceptibility of homogenized and pasteurized milk 


to induced oxidative changes 
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Table 5.16 Experiment II: Comparison of butter flavour using the 


Signal Detection Test. 


Treatment R 
O vs 6% "Stored Protec" (255 
Fresh vs "Stored Protec" O20) 


\ probability of distinguishing between flavour of two butter 


samples. Possible differences in spreadability were eliminated 


by whipping for 5 min. in a Kitchen-Aid mixer. 
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Table 5.1/7 Expt II: Effect of Fresh and Stored "Protec" on the 
Susceptibility of Milk and Butter to Hydrolytic and 


Oxidative Rancidity 


Protec 
Without 
Protec Fresh Stored 
SUscertibiiity or RaweMilk to Induced Hydrolvtic Rancidity 
ADV = initial 0.89 1239 25 
- 30 min 4.90 4.95 2.36 
- % increase S52 356 429 
Susceptibility of Milk to Induced Oxidation 
TA - initial 0.016 O-O232 OnOi 7 
= CODpe Fr O20 21: 0.070 0.048 
Susceptibility of: Butter to Oxidation During Storage 
Peroxide value! (meg/kg) 
ca a i ee = Vk <.007 0.038 0.051 
- one month storage <0.007 0.041 0.060 


lperoxide Value of < 0.50 meq/kg is considered to be of acceptable quality 
regarding oxidation (Buchanan and Rogers, 1973). 
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The level of oxidation as indicated by TBA values was 
increased when 6% fresh "Protec" was fed as compared to when 
diets containing no “Protec” were given (Table 5.17). TBA 
value for milk obtained from 6% "Stored Protec" was similar 
to that resulting when no "Protec" was fed (p>0.05). 
Addition of copper caused a similar trend in TBA values, 
where milks from 6% fresh "Protec" had a higher value 
CCPC 70 than meik from’ 0% “Protec" and’ 6% "Stored Prorec” 


PO, Us Tanne O704e resp, ):. 


Bee wo oONidar ive, stability of butter 

Peroxide values of all the butters concerned were low 
(<<0.50 meq/kg) even after one month's refrigerated storage 
(Table 5.17). This was in agreement with the lack of 
oxidized flavour in the butters noted by the trained dairy 


tasters. 


Baeees) EtLect of ttesh and “Stored Protec” ‘on butter 
Characteristics 

Supplementation of 6% fresh "Protec" resulted in 
increased unsaturation of butter produced as indicated in 
Table 5.18. The todine value of butter from 6% "Stored 
Protec" was essentially the same as that obtained when no 
"Protec" was fed. 

Penetrometry readings were the highest for butters 
resulting when a standard ration (0% "Protec") was fed to 


cows. A aGecrease in the hardness of butters occurred when 


fresh "Protec" was incorporated in the diet, however, the 
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Table 5.18 Effect of Fresh and Stored 


Without 
Butter characteristics "PYOLeC™ 
Iodine value! 26th.) 
Hardness (ka/em) V0e20202 
Oiling-off (w/w %) 0.80+0 .07 
Softening point (°C) 31.7+0.4 
Dropping point (oC) 3128200] 


"Protec" 


Fresh 


31.5+0.2 
0.64+0.06 
1.54+0.01 
30 .3+0 .2 


30.4+0.0 


114 


“Protec” onsibuUtterveaaractenistics 


Stored 


27 .8+0 .8 
0.98+0.04 
1.92+0.34 
31.3+0.5 


31.0+0.1 
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Wwean + Standard Deviation (n=4) 
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hardness of butters,resubtangetrom6% "Stored Protec" (0.98 
ro; cm) vas simitar eolthatsirom 0% “Protec” "(i.05) kg/cm). 
Small increases occurred in the oiling off of the 
butters prepared from milks when 0% "Protec", 6% fresh 

"Protec”™ and 6% “Stored Protec" were fed. 

Softening point data of butter indicate a decrease with 
6% fresh "Protec" in the diet. Similar softening points were 
attained wrth 0% “Protec” and 6% "Stored Protec”. 

Dropping point determinations produced a similar trend 
as noted for softening point. The lowest dropping point was 
observed with 6% fresh "Protec", while similar values were 
noted for butters from “6%. "Stored Protec”, and 0% “Protec”. 

Solid fat content decreased with increased temperature 
for all butters as expected (Fig. 95.4). Butter from cows fed 
eer iresh “Protec” contained less sola fat at 0,5, and 10°C 
than the control butter. At temperatures above 15°C, the 
"Stored Protec" butter contained less solid fat than the 


other two obutters. 
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Fig. 5.4 Effect of fresh and stored Protec’ on solid 
fat content of butter. 
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Results of storage stability study indicated that 
"Protec" was most stable with respect to oxidation when 
stored under refrigeration conditions. The great increase in 
peroxide valuerthat occurredvat 40°Cowaseindicative of afat 
oxidation, hence this product ("Stored Protec") was utilized 
to investigate whether intake by dairy cows would influence 
feed consumption, milk yield, composition and quality of 
milk and butter. 

The intake of concentrate and hay was not affected by 
the inclusion of "Protec" in the diet or by the state of 
oxidation of this »"Protec": (p>0.05;) Appendix H). No «negative 
effects on milk yield and composition of the resulting milks 
were noted when 0% "Protec", 6% fresh "Protec" and 6% 
"Stored Protec" were fed. 

The quality of raw milks with respect to lipolytic 
rancidity was good, ADV's being typical of freshly. drawn 
milk (Pillay et a/., 1980a). All milks when whipped and 
incubated for 30 min., became rancid. "Protec" however had 
fecdrastacieifectron susceptibility rot thesmibkse to 
hydrolytic rancidity. The percentage increase in ADV was 
noted to be the lowest for milk when 6% fresh "Protec" was 
fed. This corroborated the results of Experiment I. 

Milks resulting from diets containing no "Protec" and 
6% "Stored Protec" had TBA values typical of good, 
unoxidized milk, whereas milk obtained when 6% fresh 


"Protec" was fed could be characterized as being slightly 
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Oxidized (King, 1962). The increase in the TBA value with 6% 
fresh "Protec" included in the diet was in agreement with 
results reported by Goering et a/.,1976, when a higher level 
of safflower- based PLFS was fed. 

The absence of an increase in TBA values for milks 
produced with the 6% "Stored Protec" diet (even on addition 
of Cu?*), could be due to several factors. For example, the 
formation of hydroperoxides, and subsequently carbonyl 
compounds (See Fig. 2.6) in the stored product, would reduce 
the level of unsaturation of the feed, hence a more 
Saturated feed would be ingested. Milk resulting would then 
reflect this fatty acid pattern and thus contain less sites 
foumoxitdatiron “to occurm. tksol, <the.cbukk ro evidence (Shipe, 
1964 and Bruhn et a/., 1976), suggest that aoe produced 
during early lactation may be more susceptible to oxidation. 
The cows being fed Diet 2 (fresh "Protec") were at a 
Slightly earlier lactation than cows on diet 3 ("Stored 
Protec") (See Appendix A); this could possibly contribute to 
increased oxidation in milks from Diet 2. Finally, other 
factors arising from inherent differences between individual 
cows could account for increased TBA values for milks from 
Dret ai: 

Results of sensory evaluation illustrated that there 
were no differences between milks when either fresh "Protec" 
or "Stored Protec" was fed. Similarly, panels could not 
distinguish between milk resulting from 6% fresh "Protec" 


ard! 16% Est orned «Protec, 


Ls 


ra dgiv sulev Ag? ofa ae 
: rm) am ff 
j 7 ea. ! v rr 
is rw. 3ne¢ 1992 aS mE a iw 292! 
=) " 


level wedpint & wawaee 


i i ,beed ed 30 wetyeiiasens 
— 


F 23 
a 
2 IJ eq 
9 tye 1g bt ag The, ea La 
ra ~ , 2 im j , bs = 4a Ve | 
yi xe Sidi Canes : { Gal 
ST o% { ce vy he = on Sa 1%} b. 29 


i r) 


 o woo mad2 mo? #edse£ 26h 


A! : 
Sac: 


nog vidiegom Biuep etary 7A elbnegg 


cit 


vifeani2? 2 3620 mos) etimm al noi? 


, , ee ae 
023 } fim 103 pauluv 7] >beRRea tang Seaman a5 — 
> 


7 
; 
:%5:2 Jado Setveugenliac ecizeulave Veen 
~ c »). wrest 


tanzie redtv palon 


fned : imiz 


tie 


Butters resulting when "Protec" was fed were more 
spreadable and no undesirable flavours were detected. This 
waS consistent with data from Experiment I and also with 
those previously reported. (Buchanan & Rogers, 1973; 
Kieseker, et a]., 1974). After one month's refrigerated 
Storage, butters were judged to be of acceptable quality by 
trained panelists. 

Objective measurements on butter were all 
complementary. The increased level of unsaturation observed 
with 6% fresh "Protec" was accompanied by a decrease in 
hardness as expected. Unsaturation and hardness values of 
butters resulting from "Stored Protec" were similar to those 
trom 027 "Protec". This trend could be due to: 

Peewisrupr ion of double bonds in. fattyoacias on “Protec” 
during storage - by oxidation, thus decreasing 
unsaturation which 1s subsequently reflected in the 
milkfat 

ii. Nature ch characteristic fatty acids) in butterfat 
obtained from individual cows' milk. 

The low iodine values noted in general were possibly due to 

tne later lactation period’ of cows an this trial. Olling ore 

increased with "Protec" supplementation, as also reported by 

Wood et a]. (1975), when higher levels of PLFS were used. 
Softening point and dropping point data complement the 

data indicating the degree of unsaturation. The lower 

melting range of butters at the 6% "Protec" level (as 


indicated by softening and dropping points) could therefore 
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be a result of higher unsaturation of these butters. The 
pattern 1s also seen in the solid fat analyses, where lower 
peoportions! of solide fat occurred for 0-10°C inclusively for 
6% fresh "Protec". At higher temperatures, the abnormal 
behaviour of butters produced when 6% "Stored Protec" was 
Supplemented in diets may be due to melting points of 


gGlycerides present. 


5.4 Experiment I?1-- Evaluation of milk and butter from icows 
fed "Protec" in commercial dairy herds 
The possibility of long-term effects of feeding 


' 


commercially manufactured "Protec" was investigated in this 
experiment. Milk was obtained from local dairy herds 
(Holstein) which had been fed a "Protec" supplemented diet 
(S-10% according to farmers’ indication). for at) least three 
years. Composition and sensory quality of the milks and 


butters were evaluated. Control samples were obtained from 


two commercial herds which had never received any PLFS. 


5.3.1 Composition of milk and butter 

There was little difference in the composition of milk 
obtained from the two commercial dairy farms which had never 
included "Protec" in the feeding program and two that had 
been supplementing "Protec" for at least three years 
(p>0.05, Table 5.19). The average butterfat content of the 


milk produced from the "Protec"-containing diet was slightly 
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Higher “than that of thescontrol milk (no “Protec™), although 
this difference was not Significant (p>0.05, Appendix I). 
Protein, lactose, total solids and solids-non-fat were 
Simiijar for both control milks and milks resulting from 
"Protec" supplementation. 

The butters prepared from milk produced at the four 
farms were of similar composition (Table 5.19). The overall 
moisture content of the control butters was slightly higher 
than that obtained when "Protec" was fed. The average fat 
content of the control butters was slightly lower than that 


of the "“Protec"-butters. 


5.3.2 Flavour-of—mitk and-butter resulting from "Protec" 
supplementation 

All milks and butters were found by experienced dairy 
tasters to be free of flavour defects. The sensory panel 
used in the previous two experiments (Expt. I & II) was 
unable to distinguish between freshly homogenized, 
pasteurized milk obtained from "Protec"-fed herds and herds 
not being ted “Protec” (p>0.05, Table 5.20). Results ofa 
replicate experiment using thawed samples that had been kept 
frozen at -40°C for 3 weeks were consistent. 

Since it was illustrated in the previous experiments 
that softness of butter was amply described by penetrometry, 
the signal, detection test was used to test only for possible 
flavour differences in whipped butters. The results of this 


test showed that there was no difference in the flavour of 
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Teblies(> 2200 Expt.s 1128 Panelists correctly identifying odd 
milk sample in triangle test and probability 


levels of significance 


Panelists correctly 
Comparison identifying odd sample Probability! 


Control vs Protec-fed herds 
Fresh 7/14 0.149 


Frozen by 10 Oe Te: 


Inccording to Roessler et al. (1978). 
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bie butters (p>0.05, Table o. 21). 


Goo 3 Susceptibility of butter to oxidation 

Peroxide values obtained for freshly made butters and 
one-month old butters were typical of good, unoxidized 
butter (Table 5.22). The average values for butters obtained 
when cows were fed a control diet and when "Protec" 


Supplemented diet was fed were similar. 


5.3.4 Butter characteristics 

As indicated in Table 5.22, there were only small 
differences in butter characteristics between the two types 
of butter. The average iodine value of butter from 
"Protec"-fed herds was very slightly higher than that when 
the control diet was fed; this difference was not 
Statistically. siqniticant (p-0.05, Appendix 1). 

The hardness of the butters complemented the level of 
unsaturation, and although the average hardness of 
"Protec”™-butters was less than that of control ‘butters, the 
difference was not significant (p>0.05). A similar pattern 
was noted for softening point, where the average SP of the 
eontrol butter was 33.4°C and that of "“Protec"-butters 
$202) Cy ‘Average oi1bing=ctf date ‘Gbtained tor ‘control butters 
were not significantly different from those for 
"Protec"-butters (p>0.05). The difference noted between the 
two control butters was small and consistent with similar 


fluctuations in the iodine value and hardness. This trend 
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Table 5.21 Experiment III: Comparison of butter flavour using 
Signal Detection 


Control vs "Protec'"-fed herds Ory 


l probability of distinguishing between flavour of two butter 
Samples. Possible differences in spreadability were eliminated 


by whipping for 5 min in a Kitchen-Aid mixer. 
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was also apparent with butters resulting from the "Protec" 


chcitx 


Burs..co" Di scuss 1ion 

Data from this experiment were consistent with that 
reported in Experiments I & II, although trends were less 
obvious. The inclusion of "Protec" on a long term basis 
apparently had no effect on milk composition. Variability 
occurring in butter composition probably resulted during 
processing of the butters concerned. As indicated in sensory 
panels, milk and butter were of acceptable quality and free 
Or off-flavours, This was true for butters even atter 
prolonged refrigerated storage, implying that the long term 
use of "Protec" had no deleterious effects on the oxidative 
Stability of butters produced. Properties of experimental 
butters such as unSaturation, hardness, and oiling were not 
drastically affected by the incorporation of "Protec" in the 
diets. 

The lack of more pronounced responses may have been due 
to the grain and roughage intakes, lactation period of herds 
used, and the past history of the herds (i.e. high or low 
producers). Small differences that occurred in milk and 
butter characteristics on the same treatment are possibly 
due to slightly modified feeding regimes at the farms 


involved, and average lactation periods of the herds used. 
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According to unconfirmed reports by the involved 
farmers, no deleterious effects were noted when 
"Protec"-supplemented diets were fed, and the animals 
appeared more healthy. Thus, it may be concluded that the 
low-level use of PLFS in diets of lactating cows should not 
cause any undesirable quality changes in the dairy products 


obtained. 
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6. CONCLUSIONS AND RECOMMENDATIONS 


ber Eibecy of “Protec” von mrik quality 

The results of this work were in agreement with other 
Studies in which different vegetable oils such as safflower, 
sunflower, and linseed were used at higher levels of 
Supplementation. 

The wicluston of “Protec” in the diets of dairy cows et 
the 6% level of grain portion appears to be a possible 
"low-level optimum". At this level, milks were slightly less 
Susceptible to hydrolytic rancidity and butters became 
Significantly softer, without any apparent defects in milks 
and butters even after storage. Feeding oxidized "Protec" 
had no deleterious consequences in milk and butter, although 
the biutter-softening effect that occurs with, fresh “Protec” 
wae less pronounced. Thus low Vevels of "Protec” canbe fed 
to lactating dairy cows with no adverse effects on milk and 
butter quality even when fed on a long-term basis. The 
improved spreadability of butters and the lowered proness of 
milks to rancidity, are two important consequences that 


could encourage the continued use of PLFS. 
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6.2 Recommendations for future research 

Varneabidd tya ny reswbis) may occur- due: ton factors.isuch. as 
individual differences between cows, lactation period, and 
previous feeding history of cows. Consequently, 
interpretation of data becomes relatively difficult. The 
Standardization of variables whenever possible should 
therefore be attempted in order for sound conclusions to be 
made. Constraints on the number and lactation stage of cows 
were among limitations that existed in this study due to its 
collaborative nature; this should be minimized in future 
research. 

Difficulties experienced in assessing the level of 
PrOoteceron Of “Protec” (Jelen et a]., 1982) indicate’ that 
more work 1S needed in this area. This would enable more 
detailed understanding of the transfer of protected fatty 
acids to the milk fat. Such a method need to be fairly 
simple and quick so that application in a quality control 
Situation can be made possible. The extent of "protection" 
in unprotected canola should also be investigated and 
eorrelated with the fatty acid profile of milkfiat «when this 
(unprotected canola) is fed. 

Also, the effect of feeding protected canola on the 
trans fatty acids in milkfat should be investigated. It has 
been reported that the levels of these fatty acids are 
increased when unprotected canola is fed (Kennelly and 
Fenton, 1982); the trans fatty acids are considered to be 


undesirable components of processed vegetable fats. 
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The rumen bypass concept has been successfully applied 


in the area of dairy technology, and continued research in 


this area could provide more detailed understanding of the 


mechanism of protected fatty acid transfer, and the fate of 


protected protein. 
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Experiment I 
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APPENDIX B ------ Fluorescent Light Irradiation of Milk. 


G.E. “Bright-Stik Fluorescent Light Fixture. 


120v. 60 Hz. 33 watts, Deluxe White Bulb. 
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APPENDIX € ----- 
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VESTIONNAIRE FOR TRIANGLE TEST 


Name: Date: 


Test: 


Two of these three samples are identical, the third is different. 


1. Taste the samples in the order indicated and identify the odd sample. 


Code Check Odd Sample 


2. Indicate the degree of difference between the duplicate samples and 
the odd sample. 


Slight 
Moderate 
Much 


Extreme 


3. Describe the type of difference between the duplicate and the odd 
sample. 
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APPENDIX D Instructions and questionnaire for Triangle Test 


INSTRUCTIONS 


You have been given three sets of butter samples. Please evaluate each 


set independently for differences in spreadability and taste. 


spreadability 


Spread a small amount of butter on a cracker and compare the spreadability 


of the three test butters. Wipe the knife clean between samples. 


Taste 


Taste each butter. Use of the supplied crackers is optional, but please 


be consistent. 


Please specify in question 3 if the differences detected among samples 


were differences in spreadability and/or taste. 
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ARPPENOIX. PD cont'd. 


QUESTIONNAIRE FOR TRIANGLE TEST 


Name: Date: 


Lest: 


Two of these three samples are identical, the third is different. 


1. Compare the samples in order indicated and identify the odd sample. 


Code Check Odd Sample 


2. Indicate the degree of difference between the duplicate samples 
and the odd sample. 
Slight 
Moderate 
Much 
Extreme 


3. Describe the type of difference between the duplicate and the 
odd sample. (Spreadability = S; Taste = T; Both = B) 
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APPENDIX E Flavour Evaluation of butter using Signal Detection. 


Experiment: ok Date: 
Name : 
Compare each test sample with the reference sample marked "R". Determine 


if the test samples differ in flavour from the reference sample. Please 
taste the samples in the order presented. The reference sample "R" may be 


tasted as often as necessary. 


SAMPLE DIFFERENT NOT DIFFERENT NOT SURE 
COMMENTS: 
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APPENDIX H Experiment II: Mean Squares of Data Obtained from Analysis 


of Variance 


Soumce On Variation! 


Be tween Groups” Within Groups? 
Feed Consumption 
Hay irae Lk O.776 
Concentrate Orso eu 0. 866 
Milk Yield & Composition 
Milk yield 1.764 6. O77 
Butterfat (IR) O O71 . 02530 
Butterfat (Moj) 0.084 0.526 
FEM: (PR) Le2L6 10.788 
FCM (Moj) Bape fo 10.868 
ENN Bee Si 0.802 0.004 
Protein O.0768 02022 
Lactose 0.003 O.0L9 
Total solids OslL8s5 0.416 
Solids-not-fat O.2.56 0.066 
Butterfat and Protein Yield (g) 
Butterfat (IR) 0.004 0.034 
Butterfat (Moj) 0.004 0.034 
Protein 0.001 0.007 
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APPENDIX | Experiment III: Mean Squares of Data Obtained from 


Analysis of Variance 


Source of Variation! 


Be tween Groups? Within Groups? 


Milk Composition 


Butterfat (IR) 0.004 2007 
Butterfat (Mo}) 0.010 0.007 
(Butterfat,. - SOE PIN O001* 0.000 
Protein 07.001 0.008 
Lactose G. O05 0-001 
Total solids 0.053 e668) 
Solus nonsiax Or Oa O07 


Butter Characteristics 


Iodine value 0.250 Lazo 
Force O22 3S Gi.285 
Softening point 1.440 0.800 
Oiling-off OZ 029 OOS 
Moisture O26 0.345 
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